
 
 

 

LOWER DUWAMISH WATERWAY BASELINE SURFACE 
SEDIMENT COLLECTION AND CHEMICAL ANALYSES 
- QUALITY ASSURANCE PROJECT PLAN 

DRAFT FINAL 

Prepared for 

Lower Duwamish Waterway Group 
 

For submittal to 

US Environmental Protection Agency 

January 12, 2018 

Prepared by: 

 
200 West Mercer Street, Suite 401 s Seattle, Washington s 98119





 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 i 
 

 

TITLE AND APPROVAL PAGE 
SURFACE SEDIMENT COLLECTION AND CHEMICAL ANALYSES 

QUALITY ASSURANCE PROJECT PLAN 
 
Windward Project Manager    
 Name  Date 
    
Windward Field Coordinator     
 Name  Date 
    
Windward QA/QC Manager    
 Name  Date 
    
EPA Project Manager    
 Name  Date 
    
EPA QA/QC Manager    
 Name  Date 

 
  



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 ii 
 

 

Distribution List 

This list identifies all individuals who will receive a copy of the approved quality 
assurance project plan, either in hard copy or electronic format, as well as any 
subsequent revisions. 

u Elly Hale, EPA Project Manager 

u Kathy Godtfredsen, Windward Project Manager 

u Susan McGroddy, Windward Task Manager 

u Thai Do, Windward Field Lead 

u Donald Brown, EPA QA/QC Manager 

u Amara Vandervort, Windward QA/QC Manager 

u Chemistry Project Managers: 

u Sue Dunnihoo (Analytical Resources, Inc.) 

u Georgina Brooks (Axys) 

u Jeff Grindstaff (ALS Environmental-Kelso) 

u Lower Duwamish Group: 

u Brian Anderson, Joe Flaherty (The Boeing Company) 

u Dave Schuchardt, Allison Crowley, Pete Rude (City of Seattle) 

u Jeff Stern, Debra Williston (King County) 

u Joanna Florer (Port of Seattle) 

 
  



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 iii 
 

 

Table of Contents 

Distribution List ii 

Table of Contents iii 

Tables v 

Figures vi 

Maps vi 

Acronyms vii 

Acknowledgements xi 

1 Introduction 1 

2 Project Objectives and Description 3 
2.1  DATA QUALITY OBJECTIVES 3 

2.1.1 Surface sediment (0–10-cm) samples 3 
2.1.2 Targeted source-related sampling 14 
2.1.3 Intertidal surface sediment (0–45-cm) samples 16 

2.2 PROJECT APPROACH AND SCHEDULE 19 

3 Project Organization and Responsibilities 21 
3.1 PROJECT MANAGEMENT 23 
3.2 FIELD COORDINATION 23 
3.3 QUALITY ASSURANCE/QUALITY CONTROL 24 
3.4 LABORATORY RESPONSIBILITIES 25 
3.5 DATA MANAGEMENT 26 
3.6 SPECIAL TRAINING/CERTIFICATION 27 
3.7 DOCUMENTATION AND RECORDS 27 

3.7.1 Field observations 27 
3.7.2 Laboratory records 28 
3.7.3 Data reduction 31 
3.7.4 Data report 31 
3.7.5 Data storage and backup 32 

4 Data Generation and Acquisition 33 
4.1 SAMPLING DESIGN 33 

4.1.1 Surface sediment samples (0–10 cm) 33 
4.1.2 Targeted source-related sampling 37 
4.1.3 Intertidal surface sediment samples (0–45 cm) 55 

4.2 SAMPLING METHODS 58 
4.2.1 Sample identification 59 
4.2.2 Surface sediment sampling methods 60 



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 iv 
 

 

4.3 SAMPLE HANDLING AND CUSTODY REQUIREMENTS 77 
4.3.1 Sample handling procedures 77 
4.3.2 Sample custody procedures 78 
4.3.3 Shipping requirements 79 
4.3.4 Decontamination procedures 79 
4.3.5 Field-generated waste disposal 80 

4.4 LABORATORY METHODS 81 
4.4.1 Laboratory sample handling 81 
4.4.2 Analytical methods 86 

4.5 EX SITU POREWATER INVESTIGATION METHODS 91 
4.5.1 Passive sampler preparation 92 
4.5.2 Porewater exposure batch tests 92 
4.5.3 Passive sampler analysis 93 
4.5.4 Calculation of freely dissolved PCB congener concentrations from 

PE concentrations 94 
4.6 ANALYTICAL DATA QUALITY OBJECTIVE AND CRITERIA 95 

4.6.1 Precision 95 
4.6.2 Accuracy 96 
4.6.3 Representativeness 96 
4.6.4 Comparability 96 
4.6.5 Completeness 96 
4.6.6 Sensitivity 97 

4.7 QUALITY ASSURANCE/QUALITY CONTROL 101 
4.7.1 Field quality control samples 101 
4.7.2 Laboratory quality control 101 

4.8 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 107 
4.9 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 108 
4.10 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES 108 
4.11 DATA MANAGEMENT 109 

5 Assessment and Oversight 111 
5.1 COMPLIANCE ASSESSMENTS AND RESPONSE ACTIONS 111 

5.1.1 Compliance assessments 111 
5.1.2 Response actions for field sampling 111 
5.1.3 Corrective action for laboratory analyses 111 

5.2 REPORTS TO MANAGEMENT 112 

6 Data Validation and Usability 113 
6.1 DATA VALIDATION 113 
6.2 RECONCILIATION WITH DATA QUALITY INDICATORS 114 

7 References 115 
 



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 v 
 

 

Appendix A. Health and Safety Plan 
Appendix B. Field Forms 
Appendix C. Analytical Methods and Reporting Limits 
Appendix D. Passive Sampler Standard Operating Procedures for Passive 
Samplers and Subsampling Sediment 
Appendix E. Reconnaissance Survey Notes  

Tables 

Table 2-1. DQOs for surface sediment samples (0–10 cm) 4 
Table 2-2. DQOs for intertidal surface sediment samples (0–45 cm) 17 
Table 4-1.  Overview of 0–10-cm surface sediment sampling approach 33 
Table 4-2. Location and rationale for 0–10-cm grab samples to be analyzed individually 36 
Table 4-3. Summary of screen to determine which areas to sample for sediment near 

outfalls 39 
Table 4-4. Evaluation of exposed bank areas 53 
Table 4-5. Number of proposed discrete samples per bank 54 
Table 4-6.  Overview of intertidal 0–45-cm surface sediment sampling approach 55 
Table 4-7. Number of sampling locations per potential clamming subarea 56 
Table 4-8. Number of sampling locations per beach play area 57 
Table 4-9. Surface sediment sampling location target coordinates for baseline  0–10-cm 

samples 61 
Table 4-10. Target coordinates for near-outfall surface sediment samples 69 
Table 4-11. Target coordinates for bank samples 71 
Table 4-12. Intertidal sediment sampling location target coordinates for baseline 0–

45-cm samples 72 
Table 4-13. Sediment analyses to be conducted at each analytical laboratory 87 
Table 4-14. Analytical methods and sample handling requirements for surface sediment 

samples 88 
Table 4-15.  Analytes for composites samples (0–10-cm and 0–45-cm samples) 90 
Table 4-16. Analytes for each individual sediment sample (0–10-cm samples) 90 
Table 4-17. Analytes for near-outfall and bank samples 91 
Table 4-18. Analytical methods and sample handling requirements for the ex situ 

porewater passive samplers 93 
Table 4-19. Data quality indicators for laboratory analyses 97 
Table 4-20. RAO 1, 2, and 4 COCs and associated RLs and cleanup levels for baseline 

sediment samples 98 
Table 4-21. RAO 3 COCs and associated RLs and cleanup levels for individual 0–10-cm 

sediment samples 99 
Table 4-22. Sediment mass required per analysis 100 
Table 4-23. Laboratory quality control sample analysis summary 103 



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 vi 
 

 

Figures 
Figure 2-1. Relationship between total PCBs as sum of Aroclors and as sum of 

congeners, linear-scaled axes 12 
Figure 2-2. Relationship between total PCBs as sum of Aroclors and as sum of 

congeners, relative to analytical variance 13 
Figure 2-3.  Timeline showing target schedule for the two surface sediment sampling 

events and the ex situ porewater laboratory exposure period 19 
Figure 3-1. Project organization and team responsibilities 22 
Figure 4-1. Selection criteria for sampling sediment near active outfalls 37 
Figure 4-2. Selection criteria for sampling banks 51 
Figure 4-3. Targeted sample locations for intertidal sediments 76 
Figure 4-4. Compositing approach for 0–10-cm surface sediment samples 82 
Figure 4-5. Compositing approach for 0–45-cm potential clamming area samples 84 
Figure 4-6. Compositing approach for beach play sediment samples 85 
Figure 4-7. Calculation method for freely dissolved PCB congeners in porewater from 

passive sampler 94 

Maps 

Map 4-1. Baseline surface sediment (0–10 cm) composite locations 
Map 4-2. Baseline surface sediment (0–10 cm) sampling locations with technology 

assignments 
Map 4-3. Baseline surface sediment (0–10 cm) sampling locations and sample uses 
Map 4-46. Active outfalls within the LDW identified by Leidos (2014) for potential 

near-outfall sediment sampling 
Map 4-57. Outfalls for near-outfall sediment sampling 
Map 4-6. Existing dioxin/furan sediment data and source-related sampling locations 
Map 4-78. Bank classifications and existing bank sample locations 
Map 4-89. Bank sample locations 
Map 4-94. Baseline potential clamming area surface sediment (0–45 cm) sampling 

locations 
Map 4-105. Baseline beach play area surface sediment (0–45 cm) sampling locations 
 
  



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 vii 
 

 

Acronyms 

%RSD percent relative standard deviation 

95UCL 95% upper confidence limit for the mean 

ac acre 

ALS ALS Environmental-Kelso 

AOC Administrative Order on Consent 

ARI Analytical Resources, Inc. 

Axys Axys Analytical Services Ltd. 

CFR Code of Federal Regulations 

City City of Seattle 

CLT Central Limit Theorem 

COC contaminant of concern 

COPC contaminant of potential concern 

cPAH carcinogenic polycyclic aromatic hydrocarbon 

CRM certified reference material 

CTO chemothermal oxidation 

CV-AFS cold vapor-atomic fluorescence spectrometry 

DCM dichloromethane 

DGPS differential global positioning system 

DL detection limit 

DQI data quality indicator 

DQO data quality objective 

dw dry weight 

Ecology Washington State Department of Ecology 

EDL estimated detection limit 

EIM Environmental Information Management 

ENR enhanced natural recovery 

EPA US Environmental Protection Agency 



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 viii 
 

 

FC field coordinator 

GC/ECD gas chromatography/electron capture detection 

GC/MS gas chromatography/mass spectrometry 

GPC gel permeation chromatography 

GPS global positioning system 

HPAH high-molecular-weight polycyclic aromatic hydrocarbon 

HpCDD heptachlorodibenzo-p-dioxin 

HpCDF heptachlorodibenzofuran 

HRGC/HRMS high-resolution gas chromatography/high-resolution mass 
spectrometry 

HSP health and safety plan 

HxCDD hexachlorodibenzo-p-dioxin 

HxCDF hexachlorodibenzofuran 

ICP-MS inductively coupled plasma-mass spectrometry 

ID identification 

IR infrared spectroscopy 

ISO International Organization for Standardization 

LCS laboratory control sample 

LDW Lower Duwamish Waterway 

LDWG Lower Duwamish Waterway Group 

LLOQ lower limit of quantitation 

LMCL lower method calibration limit 

LPAH low-molecular-weight polycyclic aromatic hydrocarbon 

MDL method detection limit 

MHHW mean higher high water 

MLLW mean lower low water 

MNR monitored natural recovery 

MS matrix spike 

MSD matrix spike duplicate 



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 ix 
 

 

NIST National Institute of Standards and Technology 

NOAA National Oceanic and Atmospheric Administration 

OCDD octachlorodibenzo-p-dioxin 

OCDF octachlorodibenzofuran 

OSHA Occupational Safety and Health Administration 

PAH polycyclic aromatic hydrocarbon 

PARCCS precision, accuracy, representativeness, completeness, 
comparability, and sensitivity 

PCB polychlorinated biphenyl 

PCP pentachlorophenol 

PE polyethylene 

PeCDD pentachlorodibenzo-p-dioxin 

PeCDF pentachlorodibenzofuran 

PM project manager 

PPE personal protective equipment 

PRC performance reference compound 

PSEP Puget Sound Estuary Program 

QA quality assurance 

QAPP quality assurance project plan 

QC quality control 

RAL remedial action objective 

RAO remedial action objective 

RI/FS remedial investigation/feasibility study 

RL reporting limit 

RM river mile 

RME relative margin of error 

ROD Record of Decision 

RPD relative percent difference 

SCO sediment cleanup objective 



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 x 
 

 

SD storm drain 

SDG sample delivery group 

SIM selected ion monitoring 

SM Standard Methods 

SMS Washington State Sediment Management Standards 

SOP standard operating procedure  

SoundEarth SoundEarth Strategies, Inc. 

SPU Seattle Public Utilities 

SRM standard reference material 

SVOC semivolatile organic compound 

SWAC spatially weighted average concentration 

SWPPP stormwater pollution prevention plan 

T-107 Terminal 107 

TCDD tetrachlorodibenzo-p-dioxin 

TCDF tetrachlorodibenzofuran 

TEF toxic equivalency factor 

TEQ toxic equivalent 

TM task manager 

TOC total organic carbon 

UCT-KED universal cell technology-kinetic energy discrimination 

WAC Washington Administrative Code 

Windward Windward Environmental LLC 

ww wet weight 
  
  



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 xi 
 

 

Acknowledgements 

Windward Environmental LLC wishes to acknowledge the contributions of Dr. Jose 
Gomez-Eyles (Integral Consulting Inc.) in the preparation of ex situ porewater 
investigation elements, and Lorraine Read (Terrastat Consulting) in the statistical 
design of the surface sediment sampling. 





 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 1 
 

 

1 Introduction 

This quality assurance project plan (QAPP) describes the quality assurance (QA) 
objectives, methods, and procedures for collecting surface sediment1 from the Lower 
Duwamish Waterway (LDW) for chemical analyses, with a subset of the samples also 
being used for an ex situ porewater investigation for polychlorinated biphenyls (PCBs). 
As described in the Pre-Design Studies Work Plan (Windward and Integral 2017b), 
hereafter referred to as the Work Plan, these data are being collected and analyzed to 
address the third amendment to the Administrative Order on Consent (AOC) (EPA 
2016c).  

The Work Plan presents the data quality objectives (DQOs) and conceptual study 
design for the surface sediment collection and associated analyses (Windward and 
Integral 2017b). This QAPP includes these DQOs and presents the detailed study 
design, including specifics on project organization, field data collection, laboratory 
analyses, and data management. 

US Environmental Protection Agency (EPA) guidance for QAPPs was followed in 
preparing this document (EPA 2002). The remainder of this QAPP is organized into the 
following sections: 

u Section 2 – Project Objectives and Description 

u Section 3 – Project Organization and Responsibilities 

u Section 4 – Data Generation and Acquisition 

u Section 5 – Assessment and Oversight 

u Section 6 – Data Validation and Usability 

u Section 7 – References 

Appendix A to this QAPP is a health and safety plan (HSP) designed to protect on-site 
personnel from physical, chemical, and other hazards posed by the field sampling 
effort. Field collection and analysis forms are included as Appendix B. Laboratory 
methods and the associated reporting limits (RLs) are provided in Appendix C. 
Appendix D presents standard operating procedures (SOPs) for the ex situ porewater 
investigation and subsampling sediment. Appendix E contains reconnaissance survey 
notes. 

                                                 
1 Bank samples are also being collected; they are included in the general discussion of surface sediment 

except where specifically noted otherwise. 
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2 Project Objectives and Description 

EPA issued a Record of Decision (ROD) for the LDW Superfund site on November 21, 
2014 (EPA 2014b). The ROD describes the selected sediment remedy for the LDW, and 
identifies monitoring activities, including baseline sampling of LDW media for 
comparison to post-remedial data. This QAPP addresses baseline sampling of surface 
sediment as well as an ex situ assessment of PCBs in porewater. 

2.1  DATA QUALITY OBJECTIVES  
Per the third amendment to the AOC (EPA 2016c), the collection of surface sediment 
data is required to characterize baseline conditions prior to implementation of the 
sediment remedy, and to support source control efforts. As described in the Work Plan 
(Windward and Integral 2017b), which includes the porewater addendum (Windward 
and Integral 2017a), nine 10 DQOs have been identified for the collection and analysis 
of baseline surface sediment samples, including an ex situ porewater investigation for 
PCBs, as well as source-related samples. These DQOs are presented in Sections 2.1.1 
through and 2.1.3.2 for 0–10-cm and 0–45-cm sediment samples, respectively. The DQO 
for the ex situ porewater investigation is presented with the DQOs for the 0 10 cm 
samples. 

In addition, per the third amendment to the AOC (EPA 2016c), near outfall sediment 
and bank samples will be collected and analyzed to support the Washington State 
Department of Ecology’s (Ecology’s) source control efforts for the LDW (Section 2.1.3).  

2.1.1 Surface sediment (0–10-cm) samples 
Surface sediment samples (0–10-cm) will be collected to establish site-wide baseline 
concentrations, to determine location-specific concentrations in monitored natural 
recovery (MNR) areas, and to collect additional PCBs porewater data through an ex situ 
investigation, and to collect source-related data near outfalls and from banks. Five Six 
DQOs have been identified for 0–10-cm sediments; these DQOs are summarized in 
Table 2-1.  
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Ecology – Washington State Department of 
Ecology 

ENR – enhanced natural recovery 
LDW – Lower Duwamish Waterway 

PCB – polychlorinated biphenyl 
QC – quality control  
RAO – remedial action objective 

SCO – sediment cleanup objective 
SMS – Washington State Sediment Management 

Standards 
SWAC – spatially weighted average concentration 
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2.1.1.1 Baseline surface (composite samples 0–10-cm) sediment for site-wide 
RAOs 

The DQOs for the establishment of site-wide baseline conditions in 0–10-cm LDW 
surface sediment samples are as follows: 

1. Establish baseline, site-wide 95% upper confidence limit for the mean (95UCL) 
concentrations of remedial action objectives (RAOs) 1, 2, and 4 risk drivers.2  

2. Establish baseline, site-wide spatially weighted average concentration (SWAC) 
to serve as the foundation for assessing trends from before to after sediment 
remediation for RAOs 1, 2, and 4 risk drivers. 

The baseline surface sediment sample design is tailored to the DQOs above. 
Specifically, a spatially balanced sampling design has been developed to collect 168 
samples distributed throughout the study boundary. The 168 samples will be collected 
from 16 non random (i.e., reoccupied remedial investigation [RI] locations) and 152 at 
one random locations within each sampling grid cell, all of which ares of 
approximately equal area. Once collected, the surface sediment samples from these 168 
cells will be combined into 24 composite samples for analysis. Each composite sample 
will contain seven grab samples.  

Baseline concentrations will be established based on the composite sample data 
collected from a single site-wide sampling event. This sSediment sampling approach 
can then be repeated over time to generate comparable datasets to assess progress 
toward cleanup goals, and to assess the effectiveness of the remedy in attaining the 
site-wide RAOs.  

Baseline site-wide concentrations will reflect the combined effects of 1) cleanup actions 
at approximately 29 acres (ac) of early action areas, 2) ongoing source control, and 3) 
ongoing natural recovery throughout the LDW. Site-wide SWAC comparisons over 
time will establish trends in sediment concentrations, while the 95UCL is the ROD 
compliance metric for surface sediment area-wide cleanup levels (EPA 2014b). 

The surface sediment composite samples will be analyzed for the contaminants of 
concern (COCs) for RAOs 1, 2, and 4 (PCBs, total arsenic, cPAHs, and dioxins/furans) 
(ROD Table 19) (EPA 2014b) and conventional parameters, including total organic 
carbon (TOC), black carbon, grain size, and total solids. 

2.1.1.2 Individual 0–10-cm sediment samples  
Splits from 20Twenty individual samples (a subset of the 168 grab samples described 
above) will be collected within the preliminary MNR areas shown in ROD Figure 18 

                                                 
2 Risk drivers are PCBs, dioxins/furans, carcinogenic polycyclic aromatic hydrocarbons [cPAHs], and 

arsenic (ROD Table 19, titled Cleanup levels for PCBs, arsenic, cPAHs, and dioxins/furans in sediment for 
human health and ecological COCs [RAOs 1, 2, and 4]). PCBs are the only risk drivers for RAO 4.  
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(EPA 2014b)3 and will be individually analyzed for RAO 3 COCs to address DQOs 3 
and 4: 

3. Compare (on a point-by-point basis) concentrations in baseline samples 
collected from within MNR areas to the (benthic) cleanup levels presented in 
ROD Table 204 (EPA 2014b). 

4. Support the evaluation of site-wide trends and comparison of concentrations to 
predicted natural recovery in MNR areas.5 

Ten of the 20 locations6 were identified to reoccupy LDW remedial investigation 
(RI)/feasibility study (FS) surface sediment locations in MNR areas with sediment 
cleanup objective (SCO)7 exceedances (MNR > SCO) based on existing data; these 
locations are fixed station locations that will be resampled during future monitoring 
events. The other 10 locations were randomly selected from locations within MNR 
areas. During long-term monitoring, rRepeated measurements over time at using a  
these 10 fixed locations or rotating panel design will support the evaluation of 
site wide trends and comparisons with predicted natural recovery in MNR areas. The 
other 10 locations were randomly selected from locations within MNR areas.  

The samples from these 20 locations constitute a split panel sampling design8 for 
measuring status and observing trends in the MNR areas. Note that these data are not 
being collected to delineate MNR areas, nor to assess MNR area compliance; data to 
address those needs will be collected during design and compliance monitoring. 

These 20 samples will be analyzed for the target analytes in Table 20 of the ROD 
(EPA 2014b), and archives will be retained for potential congener analyses, as 
described in Section 2.1.1.4.  

                                                 
3 It is acknowledged that the remedial boundaries and technology assignments portrayed in ROD 

Figure 18, titled Selected remedy, are likely to change following design. Thus, any reference to MNR, 
enhanced natural recovery (ENR), cap, or dredge areas in this QAPP refers to preliminary area 
designations. 

4 ROD Table 20 is titled Sediment cleanup levels for ecological (benthic invertebrate) COCs for RAO 3. MNR 
areas are preliminary because remedial boundaries and technology assignments portrayed in ROD 
Figure 18 (EPA 2014b), titled Selected remedy, are likely to change during remedial design. 

5 Concentrations are not expected to meet natural recovery predictions during baseline sampling because 
the projections are for 10 years post-remedy.  

6 Because these samples also will contribute to the composite design to address DQOs for RAOs 1, 2, and 
4 (see Section 4.1.1), the number of fixed locations was restricted to limit bias in the site wide mean 
estimate. 

7 SCO is the term used in this sediment QAPP to refer to the benthic numeric cleanup criteria in 
Washington State Sediment Management Standards (SMS) Chapter 173-204-562. The benthic SCOs are 
also the cleanup levels for RAO 3 in the ROD. 

8 In this split panel design, 1 panel has 10 fixed locations that will be revisited during every sampling 
event; the other panel has 10 locations re randomized during every sampling event.  
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2.1.1.3 Ex situ porewater samples  
The DQO for the collection of PCB porewater data9 is as follows: 

5. Estimate baseline porewater concentrations in MNR/ENR areas for PCBs. This 
DQO is primarily intended to help assess the effect of reduced sediment 
concentrations on biota exposure and tissue concentrations. 

In the LDW, PCB porewater data currently are available for 31 locations (Windward 
and Integral 2017a). In addition to these field data, porewater concentrations can be 
predicted from sediment concentrations using the two-carbon equilibrium partitioning 
modelling that has been conducted for the LDW. To address DQO 5, PCB 
concentrations in sediment and porewater from 10 additional locations will be 
analyzed to potentially improve the ability to predict PCB concentrations in porewater.  

Sixteen Twentycandidate  sampling locations have been identified with surface 
sediment PCB concentrations spanning that represent the range of PCB concentrations 
in the MNR/ENR areas. These 16 20 targeted locations include the 10 fixed reoccupied 
RI locations in MNR areas selected to address DQO 3 (Section 2.1.1.2), and an 
additional 6 10 reoccupied RI locations to maximize the likelihood of sampling 
locations with the targeted range of total PCB concentrations, including six locations 
with concentrations above 720 µg/kg.1011 to attempt to capture the range of PCB 
concentrations in MNR/ENR areas.  

Sediment from the 20 sampling locations will be exposed to passive samplers for 
1 month28 days as part of an ex situ porewater investigation. Passive samplers will be 
used to characterize the freely dissolved PCB congener concentrations in porewater.  

All 16 20 sediment samples will be analyzed for PCB Aroclors and TOC; based on these 
data (in consultation with EPA), 10 samples will be selected for analysis of the passive 
sampler extracts for PCB congeners. The goal is to have 10 samples with total PCB 
concentrations (Aroclor sums) distributed across the range of concentrations detected 
in the 20 samples (potentially up to approximately 2,000 µg/kg dw). The 10 
corresponding sediment samples will be analyzed for PCB congeners and black 
carbon.12 The remaining six 10 porewater extracts and sediment samples will be 
archived.  

                                                 
9 Porewater data for cPAHs will be discussed in the clam QAPP. 
10 The additional 10 reoccupied RI locations had concentrations as high as 2,154 µg/kg, while the upper 

limit of the MNR/ENR range is 720 µg/kg (based on the ENR upper limit and assuming 2% TOC). The 
larger range will increase the likelihood that the actual range of PCB concentrations in samples will be 
up to 720 µg/kg, and may also be helpful in assessing the relationship between current PCB 
concentrations in sediment and porewater in MNR/ENR areas. 

11 These 6 locations were selected from the 168 locations identified for DQOs 1 and 2. 
12 These 10 sediment samples, along with paired Aroclor-congener results, will be used as described in 

Section  2.1.1.4. 



 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 11 
 

 

Details regarding the methodology for conducting this ex situ investigation (e.g., type 
of passive sampler) are presented in Section 4.5 of this QAPP. 

2.1.1.4 Evaluation of relationship between total PCBs as sum of Aroclors and 
total PCBs as sum of congeners 

The relationship between total PCBs based on the sum of detected congeners versus the 
sum of detected Aroclors in LDW sediment was also assessed as part of this QAPP, per 
the Work Plan (Windward and Integral 2017b). 

The existing RI/feasibility study (FS) and post-2010 (Task 2) data were reviewed to 
identify sediment samples with results for both PCB Aroclors and PCB congeners. 
These data were evaluated to determine if whether total PCBs calculated using an 
Aroclor sum and total PCBs calculated using a PCB congener sum appear to be reliably 
correlated, or whether detectable systematic bias exists for one method to over- or 
under-estimate the total.  

A total of 51 existing sediment samples from 21 unique locations are available from 
within the LDW with detected PCB Aroclors and congeners. These data are from two 
sampling events: an LDW-wide sediment characterization conducted for the US Army 
Corps of Engineers (USACE) in 2012 (HDR et al. 2013), and a focused investigation of 
the South Park Marina conducted by the Intelligence Group in 2016 (TIG 2016). The 
USACE characterization included the collection of sediment cores from six locations in 
the LDW. Samples were analyzed from the 0–2-ft depth at four locations, and the 6.5-
8.5- and 8–10-ft depths at one location each. The South Park Marina samples were 
collected from 16 locations in the vicinity of the marina. Three depth intervals were 
analyzed at each location: a surface sediment sample (0–10 cm) and two subsurface 
sediment samples (0.3–3.3 and 3.3–6.6 ft). Data from these two studies were evaluated 
to assess the relationship between the two PCB sums. When the relationship was 
viewed on a linear scale (Figure 2-1), the correlation coefficient was large (Pearson’s r = 
0.97, p < 0.001), indicating a strong correlation between the two sums. However, visual 
inspection of the graphic suggests that two different trends may be present or that 
influential data points are present.  The correlation is strongly influenced by two 
samples with PCB concentrations greater than 600 µg/kg dry weight (dw). Most of the 
available PCB data were less than 300 µg/kg dw. At the highest concentrations (> 600 
µg/kg dw) and the lowest concentrations (< 20 µg/kg dw), the sum of Aroclors tends 
to overestimate the sum of the congeners.  
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The black line is the 1:1 line, indicating perfect agreement between the two sums; the blue line is the best-fit 

regression line fit to all the data on the linear scale. 

Figure 2-1. Relationship between total PCBs as sum of Aroclors and as sum of 
congeners, linear-scaled axes 

To assess how well results from the two methods match one another, the paired 
sediment data were plotted relative to the 1:1 line (indicating perfect agreement), the 
analytical variance around the 1:1 line was estimated based on the accuracy limits for 
the PCB Aroclor analysis of 50 to 120% (Figure 2-2). All of the data points above the 1:1 
line, for which the Aroclor sums over-estimate the congener sums, were outside of the 
analytical variance. Most (82%) of the data points below the 1:1 line, for which the 
Aroclor sums under-estimate the congener sums, were within the analytical variance. 
These results suggest that it is unlikely that the use of Aroclor data would result in an 
underestimation of total PCBs. 
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The black line is the 1:1 line, indicating perfect agreement between the two sums; the dashed lines represent the 
acceptable analytical variance around the 1:1 line. One sample with PCB concentration greater than 1,500 µg/kg dw 
is not shown on this plot.   

Figure 2-2. Relationship between total PCBs as sum of Aroclors and as sum of 
congeners, relative to analytical variance 

The existing data provide a significant relationship between total PCBs calculated as 
the sum of Aroclors and the sum of congeners. The sum of Aroclors both overestimates 
and underestimates the sum of congeners. The data with Aroclor sums that are less 
than the congener sums are predominately within the estimated analytical variance 
around the 1:1 line. 

Additional sSediment data from the 10 locations selected for the ex situ porewater 
investigation (Section 2.1.1.3) will be added to the Aroclor/congener sediment dataset 
when these data are available, and the relationship will be re-evaluated with and 
without the existing data. Additional data may be collected to better define this 
relationship in the future. These data will be collected over time for a variety of 
purposes (including those associated with remediation efforts), and the relationship 
will be re-evaluated with respect to the questions posed at that time.The relationship 
will then be re evaluated in the data evaluation report to determine if any of the 
archived samples should be analyzed for PCB congeners.   
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2.1.23 Targeted source-related sampling  
In addition to the baseline sediment sampling, targeted source-related sediment and 
bank sampling will be conducted to address the following DQO:These samples will be 
intended to “h 

6. Help Ecology assess the sufficiency of contaminant source control through 
additional near-outfall sediment sampling and bank sampling” (EPA 2016c).  

2.1.23.1 Near-outfall surface sediment sampling 
To assist Ecology in its source evaluation for the LDW, surface sediment (0–10 cm)13 
will be collected near the outfalls recommended by Leidos (2014a)14 that also meet the 
screening criteria developed in the Work Plan (Windward and Integral 2017b). 
Specifically, an attempt will be made to sample sediment near outfalls that fit the 
following conditions: 

u Do not have sufficient data within approximately 50 ft (outfalls with diameters 
less than or equal to 24 in.) or approximately 100 ft (outfalls with diameters 
greater than 24 in.) 

u Are not near a cleanup site under an Agreed Order or expected to be 

u Are expected to be sampleable based on information from Leidos (SAIC 2011; 
Leidos 2014a) and information gathered during a field reconnaissance effort 
performed on September 1 and 25, 2017 (see Appendix E) 

As discussed in Section 4.1.2.1 of this QAPP, as a result of this screen, a total of 24 
source-related surface sediment samples will be collected near 22 outfalls. Near outfalls 
with no additional nearby sediment data, two samples will be collected. Near outfalls 
with some existing nearby sediment data, one sample will be collected. Where feasible, 
samples will be collected within 50 ft of outfalls with diameters less than or equal to 
24 in., and within 100 ft of outfalls with diameters greater than 24 in.  

Sediment samples will be analyzed for the analytes listed in ROD Table 20 (EPA 
2014b). A subset of sSamples will also be analyzed for dioxins/furans based on existing 

                                                 
13 During its 2011 outfall surface sediment sampling, SAIC collected samples from a depth of 0–10 cm 

where possible (sample depths ranged from 0–3 to 0–10 cm) (SAIC 2011). Samples from a depth of  
0–10 cm are consistent with the SAIC 2011 sampling effort and with other surface sediment samples 
described in this QAPP. If a 0–10-cm sample cannot be collected from a given location, samples from a 
depth of less than 10 cm will be retained for analysis (see Section 4.2.2.2). 

14 Leidos (2014a) recommended sediment sampling near outfalls that met the following criteria: 1) the 
outfall was active or presumed active, 2) it was not adjacent to a cleanup site, and 3) existing post-1999 
surface sediment data were not sufficient (i.e., two sediment samples collected within 50 to 100 ft from 
2000 to present).  
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sediment data (see Section 4.1.2.1). In addition, an archive jar will be filled for samples 
collected near all other outfalls.  

2.1.23.2 Bank soil sampling 
Uncharacterized bank soils (0–10 cm)15 between +4 and +12 ft mean lower low water 
(MLLW)16 will also be sampled to assist Ecology in its source evaluation for the LDW, 
if the bank meets all of the following criteria:  

u Bank soils are exposed and potentially erodible (i.e., constructed armoring is 
absent or of poor integrity).  

u The bank is not adjacent to an upland cleanup site under or expected to be under 
an Agreed Order or an early action. 

u Insufficient bank soil data exist.  

u The bank soil can be sampled. 

Overwater structures prevent characterization in some bank areas. Such areas will be 
addressed in remedial design.  

u After eliminating the bank areas that did not meet these criteria, the remaining 
uncharacterized exposed bank areas were assessed in a field reconnaissance 
survey on August 31 and September 1, 2017. The goal of this survey was to 
determine whether the locations appear to be sampleable based on the presence 
and condition of overwater structures (which can create unsafe sampling 
conditions) and the presence and integrity of armoring. Based on this field 
reconnaissance (see Appendix E), six banks appear to be sampleable; see 
Section  4.1.2.2 for details.  

For each of the six banks, composite discrete samples will be collectedreated. The 
number of composite discrete samples per bank will range from one to threeeight, 
depending on the length of the bank. Samples will be analyzed for the analytes listed in 
ROD Table 20 (EPA 2014b). Samples from Bank Area 2 will also be analyzed for 
dioxins/furans, and an archive jar will be filled for all bank sample locations (see 
Section 4.1.2.2).Samples will also be analyzed for dioxins/furans, if the dioxin/furan 
TEQ is greater than the RAL in nearby sediment samples.17 dioxins/furans. 

                                                 
15 In 2011, Hart Crowser collected bank samples for Ecology from a depth of 1–10 cm at 7 of the 8 bank 

sampling locations (Hart Crowser 2012). To be generally consistent with the Hart Crowser samples, 
bank samples for this effort will be collected from a depth of 0–10 cm.   

16 This elevation is approximately equal to mean higher high water (MHHW). The National Oceanic and 
Atmospheric Administration (NOAA) reports MHHW at the Seattle station (Elliott Bay) as +11.36 ft 
MLLW (NOAA 2013). 

17 Bank samples will be archived for potential dioxin/furan analysis pending the analysis of adjacent 
sediment samples, as described in Section 4.4.2.  
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2.1.32 Intertidal surface sediment (0–45-cm) samples 
Four DQOs have been identified for the 0-45-cm sediment samples to be collected in 
potential clamming and beach play areas to establish baseline concentrations and 
provide a foundation for assessing trends. These DQOs are summarized in Table 2-2.  
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2.1.32.1 Intertidal baseline sediment for direct contact RAO 2 – potential 
clamming areas  

The DQOs for the collection and analysis of surface sediment samples (0–45 cm) for 
RAO 2 in potential clamming areas are as follows: 

7. Establish baseline 95UCL concentrations of human health risk drivers for RAO 2 
across all potential clamming areas identified in the ROD. 

8. Establish baseline site-wide potential clamming area mean concentrations to 
assess trends following sediment remediation for RAO 2 (direct contact – 
clamming) risk drivers. 

Potential clamming areas will be sampled to assess baseline conditions in these 
intertidal areas throughout the LDW. Three site-wide composite samples will be 
prepared from samples collected from 71 spatially balanced18 locations throughout the 
potential clamming areas in the LDW. At each of the 71 locations, 3 separate samples 
will be collected (in close proximity to each other) for a total of 213 samples in the 
potential clamming areas.  

Concentrations in each composite sample represent the site-wide mean concentration; 
the three composites are independent estimates of the mean. The variance among the 
composite sample concentrations will be used to calculate the site-wide potential 
clamming area 95UCL.  

The composite samples will be analyzed for human health direct contact COCs (PCBs, 
total arsenic, cPAHs, and dioxins/furans) identified in ROD Table 19. The samples will 
also be analyzed for toxaphene, which is identified in ROD Table 14 as a direct contact 
contaminant of potential concern (COPC) (EPA 2014b).19 

2.1.32.2 Intertidal baseline sediment for direct contact RAO 2 – beach play areas  
The DQOs for the collection and analysis of surface sediment samples (0–45 cm) for 
RAO 2 in beach play areas are as follows: 

9. Establish baseline 95UCL concentrations for risk drivers to achieve RAO 2 in 
each of the eight beach play areas.  

10. Establish baseline beach play area-specific mean concentrations to assess trends 
following sediment remediation for RAO 2 (direct contact – beach play) risk 
drivers. 

                                                 
18 The total number of locations within each potential clamming area is roughly proportional to the size 

of the area.  
19 ROD Table 14 is titled Summary of COPCs and Rationale for Selection as COCs for Human Health Exposure 

Scenarios.  
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Baseline conditions within each of the eight beach play areas will be characterized with 
three composite samples from each beach play area. The number of locations within 
each beach play area composite sample will be roughly proportional to the size of each 
beach play area, varying from 3 to 9 locations per beach play area, for a total of 
43 locations site-wide. Concentrations in each composite sample will represent the 
mean concentration at each beach; thus, the three composites will be independent 
estimates of the beach-wide mean, capturing small-scale spatial variability as well as 
sampling and analytical error. The variance among the composite sample 
concentrations will be used to calculate the 95UCL by beach.  

These composite samples will be analyzed for human health direct contact COCs 
(PCBs, total arsenic, cPAHs, and dioxins/furans) identified in ROD Table 19 (EPA 
2014b). The samples will also be analyzed for toxaphene, which is identified in ROD 
Table 14 as a direct contact COPC.  

2.2 PROJECT APPROACH AND SCHEDULE  
Two separate sampling events will be conducted to address the nine 10 surface 
sediment DQOs described in Section 2.1. Figure 2-3 presents the schedule for the 
surface sediment sampling events and the porewater investigation.  

 
Figure 2-3.  Timeline showing target schedule for the two surface sediment 

sampling events and the ex situ porewater laboratory exposure period 

Sampling of the 0–10-cm sediment samples (including near-outfall sampling) is 
scheduled to begin in mid-February 2018;20 the chemical analysis and one month28-
day ex situ porewater laboratory exposure will begin when the 0–10-cm sediment 
sampling and compositing is complete. The 0–45-cm and bank soil sampling will be 
conducted in June 2018 during the period of daytime low tides.21 Chemical analysis of 

                                                 
20 The exact field schedule will be finalized after this QAPP is approved. 
21 Near-outfall sediment sampling locations that are not accessible by boat may be sampled from shore at 

low tide during Sampling Event 2. 
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the samples will begin when the sampling and the compositing of the 0–45-cm samples 
is complete. Field conditions or logistics may require deviations from these target 
timeframes; such deviations will be communicated to EPA as they are realized and 
noted in the data reports (described below). 

Chemical analysis of the samples from each sampling event will require approximately 
four weeks.22 Data validation will be completed approximately three weeks after 
receipt of the chemistry data. EPA will be notified when the final data validation report 
has been received for each event.  

Draft sampling data reports for each event (Work Plan Task 5 (Windward and Integral 
2017b)) will be submitted to EPA 21 days after receipt of the final validated analytical 
results. The first data report will contain the results of Sampling Event 1 in February. 
The second of the two data reports will contain the results of Sampling Event 2 in June 
and the ex situ porewater investigation results. Draft final data reports will be 
submitted to EPA 30 days after receipt of EPA’s comments on the draft data reports. 
Final validated data will be submitted to Ecology’s Environmental Information 
Management (EIM) system and EPA’s Scribe database within 30 days of the approval 
of the final data report. Surface sediment and porewater data will be evaluated in the 
data evaluation report (Work Plan Task 6).  

                                                 
22 The identification of near outfall and bank samples for dioxin/furan analysis will be conducted based 

on the dioxin/furan results for nearby surface sediment samples. Therefore, this analysis of 
dioxins/furans in near outfall and bank samples will be completed approximately 10 weeks after the 
samples have been collected. 
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3 Project Organization and Responsibilities 

The overall project organization and the individuals responsible for the various tasks 
required for surface sediment sample collection and analysis are shown in Figure 3-1. 
Responsibilities of project team members, as well as laboratory project managers (PMs), 
are described in the following sections. 
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Figure 3-1. Project organization and team responsibilities 
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3.1 PROJECT MANAGEMENT 
Both the Lower Duwamish Waterway Group (LDWG) and EPA are involved in all 
aspects of this project, including discussion, review, and approval of this QAPP, and 
interpretation of the results of the investigation. Elly Hale is the EPA PM for the 
pre-design studies (EPA 2016c). 

Kathy Godtfredsen is the Windward Environmental LLC (Windward) PM. In this 
capacity, she will be responsible for overall project coordination, and for providing 
oversight for planning and coordination, work plans, all project deliverables, and 
performance of the administrative tasks needed to ensure timely and successful 
completion of the project. She will also be responsible for coordinating with LDWG and 
EPA on schedule, deliverables, and other administrative details. Dr. Godtfredsen can 
be reached as follows: 

Dr. Kathy Godtfredsen 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119 
Telephone: 206.577.1283 
E-mail: kathyg@windwardenv.com 

Susan McGroddy is the Windward monitoring task manager (TM). As TM, she will be 
responsible for communicating with the Windward PM on the progress of project 
tasks, conducting detailed planning and coordination, and monitoring and 
communicating any deviations from the QAPP. Significant deviations from the QAPP 
will be further reported to representatives of LDWG and EPA. Dr. McGroddy can be 
reached as follows: 

Dr. Susan McGroddy 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119 
Telephone: 206.812.5421 
E-mail: susanm@windwardenv.com 

3.2 FIELD COORDINATION 
Thai Do is the Windward field coordinator (FC). As FC, he will be responsible for 
managing field sampling activities and general field and QA/quality control (QC) 
oversight. He will ensure that appropriate protocols are observed for sample collection, 
preservation, and holding times, and will oversee delivery of environmental samples to 
the designated laboratories for chemical analyses. The FC will report deviations from 
this QAPP to the TM and PM for consultation. Significant deviations from the QAPP 
will be further reported to representatives of LDWG and EPA. Mr. Do can be reached 
as follows: 
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Mr. Thai Do 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119 
Telephone: 206.812.540723 
Email: thaid@windwardenv.com 

Eric Parker is the one of two boat captains. He will be responsible for operating the 
boat, and will coordinate closely with the FC to ensure that samples are collected in 
keeping with the methods and procedures presented in this QAPP. Mr. Parker can be 
reached as follows: 

Mr. Eric Parker 
Research Support Services 
321 High School Road NE D3/563 
Bainbridge Island, WA 98110 
Mobile:  
Email: eparker@rssincorporated.com 

 

Shawn Hinz is the other boat captain. He will be responsible for operating the boat and 
will coordinate closely with the FC to ensure that samples are collected in keeping with 
the methods and procedures presented in this QAPP. Mr. Hinz can be reached as 
follows: 
 

Mr. Shawn Hinz 
Gravity Consulting LLC 
32617 Southeast 44th Street 
Fall City, WA 98024 
Mobile:  
Email: shawn@gravity.com 

3.3 QUALITY ASSURANCE/QUALITY CONTROL 
Amara Vandervort is the Windward QA/QC coordinator. In this capacity, she will 
oversee coordination of the field sampling and laboratory programs, and will supervise 
data validation and project QA coordination, including coordination with the analytical 
laboratories and the EPA QA officer, Donald Brown. Ms. Vandervort will also maintain 

                                                 
23 This is Mr. Do’s office phone number. A mobile phone number will be provided prior to field 

sampling. 

(b) (6)

(b) (6)
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the official approved QAPP and ensure that the appropriate parties receive any 
updated versions of the QAPP. Ms. Vandervort can be reached as follows: 

Ms. Amara Vandervort 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119 
Telephone: 206.812.5415 
Email: amarav@windwardenv.com 

Mr. Brown can be reached as follows: 

Mr. Donald Brown 
US Environmental Protection Agency, Region 10 
1200 6th Avenue 
Seattle, WA 98101 
Telephone: 206.553.0717 
Email: brown.donaldm@epa.gov 

Independent third-party chemical data review and validation will be provided by 
EcoChem. The PM at EcoChem can be reached as follows: 

Ms. Christina Mott Frans 
EcoChem 
1011 Western Avenue, Suite 1006 
Seattle, WA 98104 
Telephone: 206.508.2110 
Email: cmfrans@ecochem.net 

3.4 LABORATORY RESPONSIBILITIES 
Amara Vandervort of Windward is the laboratory coordinator for the analytical 
chemistry laboratories. Analytical Resources, Inc. (ARI) will perform all chemical 
analyses on the surface sediment samples, with the exception of analyses for 
dioxins/furans, PCB congeners, and black carbon. Axys Analytical Services Ltd. (Axys) 
will prepare the porewater passive samplers and perform analyses for PCB congeners 
and dioxins/furans. ALS Environmental-Kelso (ALS) will perform analyses for black 
carbon. 
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The laboratory PM at ARI can be reached as follows: 

Ms. Susan Dunnihoo  
Analytical Resources, Inc.  
4611 South 134th Place  
Tukwila, WA 98168-3240  
Telephone: 206.695.6207 
Email: limsadm@arilabs.com 

The laboratory PM at Axys can be reached as follows: 

Ms. Georgina Brooks 
Axys Analytical Services Ltd.  
2045 West Mills Road 
Sidney, British Columbia V8L 5X2 
Canada 
Telephone: 250.655.5801 
Email: Georgina.Brooks@sgs.com 

The laboratory PM at ALS can be reached as follows: 

Mr. Jeff Grindstaff 
ALS Environmental-Kelso  
1317 13th Avenue South 
Kelso, WA 98626  
Telephone: 360.577.7222 
Email: Jeff.Grindstaff@alsglobal.com 

ARI, ALS, and Axys will meet the following requirements: 

u Adhere to the methods outlined in this QAPP, including those methods 
referenced for each procedure. 

u Adhere to documentation, custody, and sample logbook procedures. 

u Implement QA/QC procedures defined in this QAPP. 

u Meet all reporting requirements. 

u Deliver electronic data files as specified in this QAPP. 

u Meet turnaround times for deliverables as described in this QAPP. 

u Allow EPA and the QA/QC manager, or a representative, to perform laboratory 
and data audits. 

3.5 DATA MANAGEMENT 
Kim Goffman of Windward will oversee data management, and will ensure that 
analytical data are incorporated into the LDW database with appropriate qualifiers 
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following acceptance of the data validation. QA/QC of the database entries will ensure 
accuracy for use in the pre-design studies. Ms. Goffman can be reached as follows: 

Ms. Kim Goffman 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119 
Telephone: 206.812.5414 
Email: kimg@windwardenv.com 

3.6 SPECIAL TRAINING/CERTIFICATION 
The Superfund Amendments and Reauthorization Act of 1986 required the Secretary of 
Labor to issue regulations through the Occupational Safety and Health Administration 
(OSHA) providing health and safety standards and guidelines for workers engaged in 
hazardous waste operations. Accordingly, 29 Code of Federal Regulations (CFR) 
1910.120 requires that employees be given the training necessary to provide them with 
the knowledge and skills to enable them to perform their jobs safely and with 
minimum risk to their personal health. All sampling personnel will have completed the 
40-hour HAZWOPER training and 8-hour refresher courses, as necessary, to meet 
OSHA regulations. 

Also, ARI and Axys have current environmental laboratory accreditation from Ecology 
for methods to be performed. Ecology does not offer accreditation for the black carbon 
method. However, ALS is International Organization for Standardization (ISO) 
accredited for the instrumental portion of black carbon analysis, which is the only 
accreditation available for this method. 

3.7 DOCUMENTATION AND RECORDS 
All field activities and laboratory analyses will be documented following the protocols 
described in this section. In addition, data reduction rules and data report formats are 
provided herein.  

3.7.1 Field observations 
All field activities will be recorded in a field logbook maintained by the FC or designee. 
The field logbook will provide a description of all sampling activities, conferences 
between the FC and EPA oversight personnel associated with field sampling activities, 
sampling personnel, and weather conditions, as well as a record of all modifications to 
the procedures and plans identified in this QAPP and the HSP (Appendix A). The field 
logbook will consist of bound, numbered pages, and all entries will be made in 
indelible ink. Photographs, taken with a digital camera, will provide additional 
documentation of the surface sediment collection activities and all bank sampling 
areas. The field logbook is intended to provide sufficient data and observations to 
enable participants to reconstruct events that occurred during the sampling period. 
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The following field data collection sheets, included as Appendix B, will also be used to 
record pertinent information after sample collection: 

u Surface sediment collection form 

u Bank collection form 

u Percent moisture benchsheet for ex situ porewater investigation 

u Exposure setup benchsheet for ex situ porewater investigation 

u Daily conditions benchsheet for ex situ porewater investigation 

u Protocol modification form 

Information regarding equipment calibration and other sampling activities will be 
documented in the field logbook.  

3.7.2 Laboratory records 
ARI, ALS, and Axys will be responsible for internal checks on sample handling and 
analytical data reporting, and will correct errors identified during the QA review. The 
laboratory data packages will be submitted electronically and will include the 
following, as applicable: 

u Project narrative: This summary, in the form of a cover letter, will present any 
problems encountered during any aspect of sample analyses. The summary will 
include, but not be limited to, discussion of QC, sample shipment, sample 
storage, and analytical difficulties. Any problems encountered by the laboratory 
will be documented, as will their resolutions. In addition, operating conditions 
for instruments used for the analysis of each suite of analytes and definitions of 
laboratory qualifiers will be provided. 

u Records: Legible copies of the chain of custody forms will be provided as part of 
the data package. This documentation will include the time of receipt and the 
condition of each sample received by the laboratory. Additional internal tracking 
of sample custody by the laboratory will also be documented. 

u Sample results: The data package will summarize the results for each sample 
analyzed. The summary will include the following information, as applicable: 

u Field sample identification (ID) code and the corresponding laboratory ID 
code 

u Sample matrix 

u Date of sample extraction/digestion 

u Date and time of analysis 

u Weight used for analysis 
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u Final dilution volumes or concentration factor for the sample 

u Percent solids in the samples 

u Identification of the instruments used for analysis 

u Method detection limits (MDLs)24 and RLs25 

u All data qualifiers and their definitions 

u QA/QC summaries: These summaries will contain the results of all QA/QC 
procedures. Each QA/QC sample analysis will be documented with the same 
information required for the sample results (see above). The laboratory will make 
no recovery or blank corrections, except for isotope dilution method correction 
prescribed in EPA methods 1613b and 1668c. The required summaries will 
include the following information, as applicable: 

u The calibration data summary will contain the concentrations of the initial 
calibration and daily calibration standards and the date and time of analysis. 
The response factor, percent relative standard deviation (%RSD), relative 
percent difference (RPD), and retention time for each analyte will be listed, as 
appropriate. Results for standards analyzed to indicate instrument sensitivity 
will be reported. 

u The internal standard area summary will report the internal standard areas, 
as appropriate. 

u The method blank analysis summary will report the method blank analysis 
associated with each sample and the concentrations of all compounds of 
interest identified in these blanks. 

u The surrogate spike recovery summary will report all surrogate spike 
recovery data for organic analyses. The names and concentrations of all 
compounds added, percent recoveries, and QC limits will be listed. 

u The labeled compound recovery summary will report all labeled compound 
recovery data for EPA methods 1613b and 1668c analyses. The names and 
concentrations of all compounds added, percent recovery, and QC limits will 
be listed. 

u The matrix spike (MS) recovery summary will report the MS or MS/matrix 
spike duplicate (MSD) recovery data for analyses, as appropriate. The names 
and concentrations of all compounds added, percent recoveries, and QC 
limits will be included. The RPD for all MS and MSD analyses will be 
reported. 

                                                 
24 The term MDL includes other types of detection limits (DLs), such as estimated detection limit (EDL) 

values calculated for PCB congeners and dioxin/furan congeners. 
25 RL values are consistent with the lower limit of quantitation (LLOQ) values required under EPA-846. 
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u The matrix duplicate summary will report the RPD for all matrix duplicate 
analyses. The QC limits for each compound or analyte will be listed. 

u The standard reference material (SRM) analysis26 summary will report the 
results of the SRM analyses and compare these results with published 
concentration ranges for the SRMs.  

u The LCS analysis summary will report the results of the analyses of LCSs. 
The QC limits for each compound or analyte will be included.  

u The relative retention time summary will report the relative retention times 
for the primary and confirmational columns of each analyte detected in the 
samples and the percent difference between the columns, as appropriate.  

u The ion abundance ratio summary for samples analyzed by EPA methods 
1613b and 1668c will report computed ion abundance ratios compared to 
theoretical ratios listed in the applicable method. 

u Original data: Legible copies of the original data generated by the laboratory will 
be provided, including the following: 

u Sample extraction/digestion, preparation, and cleanup logs 

u Instrument specifications and analysis logs for all instruments used on days 
of calibration and analysis 

u Reconstructed ion chromatograms for all samples, standards, blanks, 
calibrations, spikes, replicates, LCSs, and SRMs 

u Enhanced and unenhanced spectra of target compounds detected in field 
samples and method blanks, with associated best-match spectra and 
background-subtracted spectra, for all gas chromatography/mass 
spectrometry (GC/MS) analyses  

u Enhanced and unenhanced spectra of target performance reference 
compounds (PRCs) detected in field samples, day-zero blank, field blank, 
and method blanks, with associated best-match spectra and 
background-subtracted spectra, for all GC/MS analyses 

u Quantitation reports for each instrument used, including reports for all 
samples, blanks, calibrations, MSs/MSDs, laboratory replicates, LCSs, and 
SRMs 

ARI, ALS, and Axys will submit data electronically, in EarthSoft EQuIS® standard 
four-file or EZ_EDD format. Guidelines for electronic data deliverables for chemical 

                                                 
26 SRMs will be analyzed for polycyclic aromatic hydrocarbons (PAHs), PCB Aroclors, dioxins/furans, 

and PCB congeners. All other analyses will include a laboratory control sample (LCS). Specific 
information is listed in Section 4.7. 
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data are provided on the EarthSoft website, 
http://www.earthsoft.com/en/index.html, and additional information will be 
communicated to ARI, ALS, and Axys by the project QA/QC coordinator or data 
manager. All electronic data submittals must be tab-delimited text files with all results, 
MDLs (as applicable), and RLs reported to the appropriate number of significant 
figures. If laboratory replicate analyses are conducted on a single submitted field 
sample, the laboratory sample identifier must distinguish among the replicate analyses. 

3.7.3 Data reduction 
Data reduction is the process by which original data (analytical measurements) are 
converted or reduced to a specified format or unit to facilitate analysis of the data. Data 
reduction requires that all aspects of sample preparation that could affect the test 
result, such as sample volume analyzed or dilutions required, be taken into account in 
the final result. It is the laboratory analyst’s responsibility to reduce the data, which are 
subjected to further review and reduction by the laboratory PM, the Windward TM, the 
QA/QC coordinator, and independent reviewers. The data will be generated in a 
format amenable to review and evaluation. Data reduction may be performed 
manually or electronically. If performed electronically, all software used must be 
demonstrated to be true and free from unacceptable error. 

3.7.4 Data report 
Two data reports will be prepared documenting all activities associated with the 
collection, handling, and analysis of samples, as specified in Task 5 of the third 
amendment to the AOC (EPA 2016c). The first data report will document Sampling 
Event 1 and present the analytical results for the 0–10-cm sediment samples. The 
second data report will document the Sampling Event 2 and present the analytical 
results for any near-outfall samples that were collected during low tide, bank samples, 
and 0–45-cm sediment samples, as well as the analytical results of the ex situ porewater 
investigation.  

The following information will be included in each data report: 

u Summary of all field activities, including descriptions of any deviations from the 
approved QAPP 

u Sampling locations reported in latitude and longitude to the nearest one-tenth of 
a second and in northing and easting to the nearest foot 

u Summary of the chemical data QA/QC review 

u Results from the analyses of field samples and ex situ analyses, included as 
summary tables in the main body of the report, data forms submitted by ARI, 
ALS, and Axys, and cross-tab tables produced from Windward’s database  

u Copies of field logs and photographs (appendix) 
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u Copies of chain of custody forms (appendix) 

u Data validation report (appendix) 

Once each data report has been approved by EPA, a database export will be created 
from Windward’s database. The data will be exported in two formats: one that is 
compatible with Ecology’s EIM system, and one that is compatible with EPA’s Scribe 
database.  

3.7.5 Data storage and backup 
All electronic files related to the project will be stored on a secure server on 
Windward’s network. The server contents are backed up on an hourly basis, and a 
copy of the backup is uploaded nightly to a secure off-site facility. 
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approach is expected to result in a relative margin of error (RME)27 for the mean of 
25% or less,28 which is less than analytical variability.29  

Of the 168 locations, 16 are non random. Ten of the 16 were selected to reoccupy 
locations of previous SCO exceedances in order to address DQOs 3 and 4, and the 
remaining 6 were selected to increase the PCB concentration range for the ex situ 
porewater investigation (DQO 5).  

Once collected, the surface sediment samples from these 168 cells (16 non random and 
152 random) will be combined into 24 composite samples for analysis (Map 4-1), and 
individual samples will be archived. Each composite sample will contain seven 
samples from neighboring grid cells (Map 4-1). The composite areas and the remedy 
technology assignments (as preliminarily mapped in the ROD Figure 18 (EPA 2014b)) 
are provided in Map 4-2. 

In future years of monitoring, the number of samples per composite should remain 
consistent to maintain year-to-year comparability of the datasets. However, tThe 
numbers of field samples and composite samples may change in response to updated 
information about site variance, and to achieve a desired RME for the site-wide mean. 
In this way, a robust site-wide SWAC and 95UCL can be calculated for each sampling 
event.  

A total of 188 0–10-cm surface sediment samples will be collected. The 168 random 
locations (sample locations 1 through 168 on Map 4-3) will contribute to the 
site-wide composites to address DQOs 1 and 2. Ten of the random locations that 
are located in MNR areas will also be analyzed for SMS analytes as individual 
samples to address DQOs 3 and 4 (Table 4-2). In addition, 10 reoccupied RI 
locations will also be analyzed for SMS analytes to address DQOs 3 and 4.  

address DQOs 3, 4, or 5To address DQO 5, splits from the 10 reoccupied RI 
locations and samples from 10 additional locations will be analyzed for PCBs as 
summarized in (Table 4-2).  

                                                 
27 RME is measured as the width of the 95UCL as a percent of the mean. 
28 The expectation of 25% RME or better for the mean was based on a normal distribution and a 

coefficient of variation of 0.7, or less, for the composite sample dataset.   
29 The analytical precision required by EPA functional guidelines for the analytical methods typically 

used in sediment characterization ranges from 20 to 50%, comparable to a range of 16 to 42% for RME 
as defined for this project.  
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4.1.23 Targeted source-related sampling 
In addition to the baseline sediment samples discussed in Sections 4.1.1 and 4.1.32,  
targeted source-related sediment sampling will be conducted under the third 
amendment to the AOC. These samples are intendedto address DQO 6 to “help 
Ecology assess the sufficiency of contaminant source control through additional near-
outfall sediment sampling and bank sampling” (EPA 2016c).  

4.1.23.1 Near-outfall sediment sampling 
Near-outfall sediment samples (0–10-cm) will be collected as part of targeted source-
related sampling. In 2014, Leidos conducted an assessment to identify sediment data 
gaps near outfalls, evaluate the feasibility of filling those gaps, and provide 
information needed to conduct additional outfall sediment sampling (Leidos 2014a). 
The list that Leidos developed was then screened against additional criteria presented 
in the Work Plan and in Figure 4-1 herein (Windward and Integral 2017b).  

 

 
Figure 4-1. Selection criteria for sampling sediment near active outfalls 
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Leidos (2014a) recommended 68 outfalls for additional sediment sampling. Eight of 
these outfalls are located outside of the site boundaries or have not been located: five 
(Outfalls E&E-2, E&E-3, E&E-4, 3842, and 3921) are located south of river 
mile (RM) 5.0, two (Outfalls 8132 and 8133) are located north of RM 0.0, and the 
location of Outfall 2167 is unknown. All of these outfalls were therefore excluded. The 
remaining 60 outfalls are circled on Map 4-46. 

To determine whether sufficient surface sediment data exist in the vicinity of these 
60 outfalls, all available surface sediment data30 within approximately 50 ft of outfalls 
with diameters of 24 in. or less, and within approximately 100 ft of outfalls with 
diameters greater than 24 in., were considered (Map 4-46). Of the 60 outfalls, 26 had 
sufficient surface sediment sample locations within approximately 50 or 100 ft 
(Table 4-36). These 26 outfalls will not be sampled.  

                                                 
30 All data from the RI/FS dataset were considered, as well as those compiled as part of Task 2 of the 

Work Plan (Windward and Integral 2017b). 
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Sampleability of sediment near the remaining 34 outfalls was assessed based on 
information provided by Leidos (2014a) and SAIC (2011) and a limited-scope field 
reconnaissance performed by boat on September 1 and September 25, 2017 (see 
Appendix E for field notes). Sediment near 2 of these 34 outfalls (Outfalls 2004 and 
2157) was determined to not be sampleable based on their locations (under large 
docks). Sediment near 9 of these 34 outfalls was determined not likely to be 
sampleable because of riprap/rocky substrate (Leidos 2014a), although sediment near 
1 of these outfalls may be sampleable by foot at a lower tide (SAIC 2011). Sediment at 
the SCS Refd Services outfall was determined not to be sampleable due to both 
overwater structures and riprap. Therefore, sediment near 11 of the 34 remaining 
outfalls is not considered sampleable. The area near a South Park Marina outfall was 
eliminated because it is adjacent to a cleanup site.  

The remaining 22 outfalls are targeted for sampling (Map 4-57). Either one or two 
samples will be collected from the vicinity (50 or 100 ft, depending on outfall 
diameter) of each outfall. The number of samples specified per outfall is dependent on 
the number of existing surface sediment locations within, or close to, the 50- or 100-ft 
radius. Based on these criteria, a total of 24 surface sediment samples are targeted 
(Table 4-36). This sampling design will not generally result in adjacent, upstream, and 
downstream samples within the 50- or 100-ft radius at each outfall (the original 
Ecology goal). However, because sampling near these outfalls is difficult (as noted 
based on earlier sampling attempts31), Ecology has deemed this design sufficient to fill 
remaining data gaps. Section 4.2.2.23 provides information on field contingencies. 

Per the Work Plan (Windward and Integral 2017b), all near-outfall sediment samples 
will be analyzed for the analytes listed in ROD Table 20. Dioxins/furans will also be 
analyzed in samples collected near Outfalls 2226, T107 Park, 2507, Seattle Dist Ctr, 5th 
Ave South, CleanScapes B, and 2100A, based on existing surface sediment data 
(Map 4-6). Archives will be kept of all near-outfall samples. Archived samples will be 
analyzed for dioxins/furans, unless existing information indicates or suggests 
dioxins/furans data are not needed at a given location.32 Data considered in these 
decisions will include all existing data and surface sediment data collected pursuant to 
this QAPP. EPA and Ecology will be consulted prior to finalizing which additional 
near-outfall sediment samples will be analyzed for dioxins/furans. 

                                                 
31 Ecology has previously attempted to collect three samples near each outfall: adjacent to, upstream, 

and downstream of the direction of flow from the outfall (Leidos 2014a).  
32 Pursuant to Ecology’s source control strategy, use of the remedial action level (RAL) is sufficient for 

source control for constituents without SMS (e.g., dioxins/furans) (Ecology 2016).  
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4.1.23.2  Bank soil sampling  
Uncharacterized exposed bank areas between +4 and +12 ft MLLW33 will also be 
sampled to assist Ecology in source control. 

In 2016, Leidos produced maps for Ecology delineating exposed bank areas on the 
LDW that had not been characterized (LDWG 2016). This delineation was based on 
areas identified as exposed bank in the LDW FS (AECOM 2012), and on bank locations 
sampled in 2011 by Hart Crowser for Ecology (Hart Crowser 2012). Based on its 
assessment, Leidos identified 10 exposed banks that had not been characterized 
(LDWG 2016) (Map 4-78). 

Uncharacterized exposed bank areas from the Leidos list were further screened 
relative to the criteria outlined in Figure 4-2. In addition, the location of the bank area 
relative to that of preliminary dredge/cap areas (as identified in ROD Figure 18 (EPA 
2014b)) was considered in this assessment, although none of the banks were excluded 
based on this consideration.  

 

                                                 
33 This elevation is approximately equal to MHHW. NOAA reports MHHW at the Seattle station (Elliott 

Bay) as +11.36 ft MLLW (NOAA 2013). 
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Figure 4-2. Selection criteria for sampling banks  

Three of the 10 areas (RM 0.1 W, RM 4.2 to RM 4.3 W, and RM 4.8 to RM 5.0 E) were 
determined to be sufficiently characterized based on the existing bank and sediment 
sampling data (see Table 4-47 and Map 4-78). The seven remaining uncharacterized 
areas were then assessed in a field reconnaissance survey conducted by boat on 
August 31 and September 1, 2017, to determine whether the locations could be 
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sampled. Substrate conditions, the presence and condition of over-water structures 
(which can create unsafe sampling conditions), and the presence of armoring were 
observed to the extent possible (Appendix E). One of the seven areas (RM 4.7 E) was 
observed to have a steep slope with dense vegetation and riprap; this area is was not 
considered sampleable. Of tThe other six areas, are considered sampleable one area 
was subsequently determined to not need sampling based on input from Ecology.  
One additional bank area not assessed in the field reconnaissance survey was added in 
order to support Ecology’s source control efforts. These areas and will be targeted for 
bank soil sampling (see Table 4-47 and Map 4-98).  
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EPA will be consulted if significant deviations from the sampling design are required. 
All modifications will be recorded in the protocol modification form (Appendix B). 

4.2.1 Sample identification  
Unique alphanumeric ID numbers will be assigned to each sample and recorded on 
the surface sediment collection form (Appendix B).  

The sample IDs for individual surface sediment samples and bank samples will 
include the following:  

u Project area ID and two-digit year 

u Sample type:  

u 0–10-cm samples will be SS (or SSOT for outfall samples) 

u 0–45-cm samples will be IT45 

u Bank soil samples will be BNK 

u Location number 

For example, a surface sediment sample from location 27 would be labelled 
LDW18-SS-027.  

Three samples will be collected at each of the potential clamming area and beach play 
area sampling locations (Maps 4-94 and 4-105). The three samples will be identified as 
a, b, and c. For example, the three samples collected at intertidal Location 8 would be 
LDW18-IT45-08a, LDW18-IT45-08b, and LDW18-IT45-08c. 

In addition, individual samples will be combined to form composite samples, which 
will require composite IDs that will include the following: 

u Project area ID and two-digit year 

u Sample type:  

u 0–10-cm composites will be SS.  

u 0–45-cm samples will be IT45-CL for potential clamming area composites 
and IT45-B for beach composites.  

u Bank soil samples will be BNK. 

u Composite number 

For example, the surface sediment composite that contains sediment from sample 
Locations 1, 2, 3, 4, 6, 7, and 8 would be labelled LDW18-SS-Comp01. The three 
potential clamming area composites samples, after combining all of the a, b, and c 
samples, respectively, would be LDW18-IT45-CL-Comp1, LDW18-IT45-CL-Comp2 
and LDW18-IT45-CL-Comp3. The composite samples for Beach Area 3 will be 
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LDW18-IT45-B3-Comp1, LDW18-IT45-B3-Comp2 and LDW18-IT45-B3-Comp3. The 
first composite bank soil sample from Bank Area 3 will be LDW18 BNK3 Comp1. 

For the porewater samples, the sample ID will include the following:  

u Project area ID and two-digit year  

u PWPS (porewater passive sampler results)  

u Surface sediment location ID  

For example, the passive sampler associated with surface sediment Location 18 would 
be labelled LDW18-PWPS-SS018. The porewater concentrations calculated from the 
passive sampler results would be LDW18-PW-SS018. 

All relevant information for each sample—including sample ID, sample date, sample 
time, and sample depth and location—will be recorded on the surface sediment 
collection form (Appendix B) and included as an appendix in the data report.  

4.2.2 Surface sediment sampling methods  
Surface sediment samples will be collected by boat or by land, and bank samples will 
be collected by land, as described in this section. For samples that will be collected by 
land, access agreements will be needed with property owners that are not LDWG 
parties and all parties (including tenants of LDWG parties) will be notified well in 
advance of sampling to coordinate access. The access agreement process will 
commence soon after the draft QAPP is submitted to EPA. In the event that LDWG 
and EPA cannot obtain access, alternative locations will be determined in consultation 
with EPA. 

4.2.2.1 0–10-cm samples  
Surface sediment grab sample collection and processing will follow standardized 
procedures for the Puget Sound area that have been developed by the Puget Sound 
Estuary Program (PSEP) (1997). Surface sediments will be collected from each location 
shown in Table 4-939 and on Map 4-1 using a pneumatic grab sampler from a sampling 
vessel, if feasible. In the event that a sample cannot be obtained at the target 
coordinates due to an obstruction or because the location is too shallow to sample by 
boat, the field crew will move the sample location—as little as possible and to an area 
that is as similar as possible in depth and character to the intended sampling location 
—to avoid the obstruction or enable sampling by boat. If the sample location needs to 
be moved more than 20 30 ft, EPA and LDWG will be consulted. To minimize the need 
to move the sample location, the field crew will notify property owners with barges 
ahead of the sampling event and will sample shallow areas during the highest tides 
during the field event. 

                                                 
39 See Table 4-2 for locations where samples will be split. 
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1) Using a global positioning system (GPS), maneuver the sampling vessel to the 
sampling location. 

2) Open the decontaminated grab sampler jaws to the deployment position. 

3) Guide the sampler overboard until it is clear of the vessel. 

4) Using GPS, position the sampling vessel such that the GPS receiver (located on 
top of the sampling frame) is within 1 to 2 m of the target sampling location. 

5) Lower the sampler through the water column to the bottom at a speed of 
approximately 0.3 m/s. 

6) Record the GPS location of the boat when the sampler reaches the bottom. 

7) Record the water depth and time. 

8) Retrieve the sampler, raising it at a speed of approximately 0.3 m/s. 

9) Guide the sampler aboard the vessel and place it on the work stand on the deck, 
taking care to avoid jostling that might disturb the integrity of the sample. 

10) Examine the sample using the following sediment acceptance criteria: 

u Sample contains sediment; samples that are predominately gravel will be 
rejected. 

u Sediment is not extruding from the upper face of the sampler. 

u Overlying water is present (indicating minimal leakage). 

u Sediment surface is relatively flat (indicating minimal disturbance or 
winnowing). 

u A penetration depth of at least 11 cm has been achieved. 

If these sample acceptance criteria are not met, the sample will be rejected. If an 
acceptable grab sample cannot be obtained in three attempts, the sampling location 
will be moved as close as possible to the original target location and no further than 
10 m away. If it is not possible to obtain a sample at this second location, EPA will be 
consulted to discuss repositioning the location. 

After sample acceptance, the following observations will be noted in the field logbook: 

u GPS location 

u Depth as read by the boat’s depth sounder and sample collection time 

u Gross characteristics of the surficial sediment, including texture, color, biological 
structures, odor, and presence of debris or oily sheen 

u Gross characteristics of the vertical profile (i.e., changes in sediment 
characteristics and redox layer, if visible) 

u Maximum penetration depth (nearest 0.5 cm) 
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u Comments relative to sample quality 

The sediment from the grab at each location will be transferred directly from the 
sampler into a pre-cleaned stainless steel bowl or cauldron, and stirred with a 
dedicated, clean, stainless steel spoon or spatula until texture and color homogeneity 
have been achieved (PSEP 1997). The required sediment volume for each sample will 
range from 16 24 oz. (if a location is sampled for baseline composite only) to 84 92 oz. 
(if a location is also sampled for RAO 3 and ex situ porewater investigation) (see 
Appendix C). Each sediment grab will collect approximately 135 oz. (4 L) of sediment.  

Following homogenization, jars will be filled as specified in Appendix C (Table C 4). 
Specifically, two 3 8-oz. jars40 will be filled at each of the 168 0–10-cm sample locations, 
with one 1 jar for sediment to be used for the site wide composite sample, 1 jar for 
archive, and 1 jar for the NOAA split sample.41and one jar for archive Samples that 
will be analyzed as individual locations (DQOs 3, 4, and 5) will require additional jars, 
as specified in Appendix C (Table C-4). Composite samples will be prepared at ARI as 
described in Section 4.4.1.1. Additional jars will be filled for locations also selected for 
analysis as individual locations (those supporting DQOs 3, 4 and/or 5) as specified in 
Appendix C (Table C 4). All jars will be stored in coolers on ice (≤ 4 ± 2°C), and 
transported to the laboratory at the end of the sampling day. Excess sediment will be 
returned to the sampling location. For decontamination procedures between collection 
activities, see Section 4.3.4. 

4.2.2.23 Source samples (bank and outfall)  
Surface sediment samples (0–10 cm) will be collected near 22 outfalls based on the 
selection process discussed in Section 4.1.23.1. The sediment samples will be collected 
following the methods discussed in Section 4.2.2.1 for samples collected by boat. 
Outfall locations that are accessible by boat will be sampled during the surface 
sediment Sampling Event 1. Outfall locations that are best sampled from land at low 
tide will be hand collected42 in conjunction with intertidal sediment collection during 
Sampling Event 2. 

The target outfall sediment locations are provided in Table 4-101. If a target location 
based on the coordinates below is not sampleable because of obstructions, or if three 
sampling attempts fail, then an alternate location will be identified within the target 

                                                 
40 DQOs 1 and 2 require 2 8-oz. jars. A 3rd 8-oz. jar will be filled for the NOAA split sample at each of the 

168 0–10-cm locations, as sample volume allows. 
41 Through EPA, NOAA has requested split samples for baseline 0–10-cm surface sediment samples . 

NOAA will provide labelled jars and will be responsible for the handling and custody of these 
samples following sample collection. 

42 Each sample will be collected by hand from the 0- to-10-cm depth, transferred to a pre-cleaned 
stainless steel bowl or cauldron, and homogenized. Any large non-sediment items, such as rocks, 
shells, wood chips, or debris, will be removed prior to homogenization. 
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Figure 4-3. Targeted sSample locations for intertidal sediments 

Each sample will be collected using a stainless steel trowel and every effort will be 
made to sample an equal volume throughout the 0–45-cm depth of the sample. If the 
target depth cannot be achieved (e.g., a rock or debris is encountered), another attempt 
will be made nearby within the sample area. If the target depth is not achieved after two 
attempts, the sample will be collected from the deepest available sediment depth, and 
the conditions will be documented in the field notes. 

At each sampling location, the coordinates of the sampling location will be recorded 
and the sediment sample for that location will be homogenized. Large gravel/rocks and 
shell debris will be excluded from the homogenized sample to the extent practicable.  

Following homogenization, jars will be filled as specified in Appendix C (Table C-5). At 
the 44 locations sampled for the LDW-wide potential clamming area composites only, 
two 2 8-oz. jars will be filled at each sampling location (2 jars at each a, b, and c 
location); sediment in one jar will be used for the site-wide composite sample, and 
sediment in the other jar will be archived. At the 16 a, b, and c sampling locations 
sampled solely for the beach play area composites, one 1 16-oz jar will be used collected 
for the beach play area composite,43 and one 1 8-oz jar will be archived. At the 27 a, b, 

                                                 
43 The extra 8 oz (for a total of 16 oz) will be required for the beach play area composites (but not for the 

clamming composites) because fewer samples will be composited in the beach play areas. 
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and c sampling locations sampled for both the LDW-wide potential clamming area 
composites and the beach play area composites, three 3 jars will be filled (an 8-oz. jar for 
the clamming composite, a 16-oz. jar for the beach play area composite, and an 8-oz. 
archive jar).  

All jars will be stored on ice in coolers (≤ 4 ± 2°C), and transported to the laboratory at 
the end of the sampling day. Each of the three sediment samples collected in the vicinity 
of a target location will be designated as an a, b, or c sample. Composite samples will be 
prepared by combining all the a samples, b samples, or c samples for either a beach play 
area or the LDW-wide potential clamming area, as described in Section 4.4.1.2. 

4.2.2.4 Sediment samples for ex situ porewater investigation 
Sixteen Twenty locations have been identified for the ex situ porewater investigation 
based on the range of PCB concentrations previously reported for these locations (Table 
4-132). The ex situ porewater exposure investigation requires 1 kg wet weight (ww) of 
sediment. Based on an average sediment density of 2.0 g/ml, the required sediment 
volume is 18  oz. 

At each of the 2016 locations where sediment will be collected for the ex situ porewater 
investigation, a split sample will be collected from the homogenized sediment 
(Appendix C, Table C-4) and transported, on ice to ARI, for the ex situ porewater 
investigation. Sample packing, transport information, and custody procedures are 
described in Section 4.3, and the ex situ testing protocols are described in Section 4.5. 

4.3 SAMPLE HANDLING AND CUSTODY REQUIREMENTS 
Sample custody is a critical aspect of environmental investigations. Sample possession 
and handling must be traceable from the time of sample collection, through laboratory 
and data analyses, to delivery of the sample results to the recipient. Procedures to be 
followed for sample handling, custody, and shipping are detailed in this section. In 
addition, procedures for the decontamination of equipment and disposal of 
field-generated waste are described. 

4.3.1 Sample handling procedures 
At each laboratory, a unique sample identifier (termed either project ID or laboratory 
ID) will be assigned to each sample. The laboratory will ensure that a sample tracking 
record follows each sample through all stages of laboratory processing. The sample 
tracking record must contain, at a minimum, the name/initials of responsible 
individuals performing the analyses, dates of sample extraction/preparation and 
analysis, and types of analyses being performed. 

4.3.1.1 Sediment samples  
The FC will be responsible for reviewing sediment sample information recorded on 
field collection forms (Appendix B), and will correct any improperly recorded 
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information. Sample labels will contain the project number, sampling personnel, date, 
time, and sample ID. A complete sample label will be affixed to each individual sample 
jar. Labels will be filled out as completely as possible prior to each sampling event. 

Samples will be placed on ice after collection for transport to ARI, ALS, and Axys. 
Sample packaging and transport information is summarized in Section 4.3.3. 

4.3.1.2 Porewater passive samplers 
Following the one month28-day porewater exposure, each strip will then be wrapped in 
clean aluminum foil envelopes, labeled, and inserted into a resealable plastic bag with 
corresponding labels. All resealable bags will be placed on ice in a cooler for transport 
to Axys. Sample packaging, transport information, and custody procedures are 
described in Section 4.3. Upon receipt, Axys will store all samplers in the freezer until 
analysis. 

4.3.2 Sample custody procedures 
Samples are considered to be in custody if they are: 1) in the custodian's possession or 
view; 2) in a secured place (under lock) with restricted access; or 3) in a container and 
secured with an official seal(s) such that the sample cannot be reached without breaking 
the seal(s). Custody procedures, described below, will be used for all samples 
throughout the collection, transportation, and analytical processes, and for all data and 
data documentation, whether in hard copy or electronic format. Custody procedures 
will be initiated during sample collection.  

A chain of custody form will accompany all samples to the analytical laboratory. Each 
person who has custody of the samples will sign the chain of custody form and ensure 
that the samples are not left unattended unless properly secured. During the one
month28-day ex situ porewater exposure period, sediment samples will be agitated in a 
secure room at ARI, and will be monitored daily by ARI staff. Minimum documentation 
of sample handling and custody will include: 

u Sample location, project name, and unique sample ID  

u Sample collection date and time 

u Any special notations on sample characteristics or problems 

u Name of the person who initially collected the sample 

u Date sample was sent to the laboratory 

u Shipping company name and waybill number 

In the field and during the ex situ exposure, the FC or a designee will be responsible for 
all sample tracking and custody procedures. The FC will also be responsible for final 
sample inventory, and will maintain sample custody documentation. The FC or a 
designee will complete chain of custody forms prior to transporting samples. At the end 
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of each day, and prior to sample transfer, chain of custody entries will be made for all 
samples. Information on the sample labels will be checked against sample log entries, 
and sample tracking forms and samples will be recounted. Chain of custody forms, 
which will accompany all samples, will be signed at each point of transfer. Copies of all 
chain of custody forms will be retained and included as appendices to the data reports. 
Samples will be shipped in sealed coolers. 

ARI, ALS, and Axys will ensure that chain of custody forms are properly signed upon 
receipt of the samples, and will note any questions or observations concerning sample 
integrity on the chain of custody forms. ARI, ALS, and Axys will contact the FC and 
project QA/QC coordinator immediately if discrepancies are discovered between the 
chain of custody forms and the sample shipment upon receipt. 

4.3.3 Shipping requirements 
Sediment samples will be transported directly to ARI (i.e., by field staff), composite and 
individual sediment samples will be shipped to ALS, and passive samplers and 
sediments will be transported to Axys via courier. Prior to shipping, containers with 
sediment samples will be wrapped in bubble wrap and securely packed inside a cooler 
with ice packs. Passive samplers will be wrapped in foil, placed in resalable plastic 
bags, and securely packed inside a cooler with ice packs. The original signed chain of 
custody forms will be placed in a sealed plastic bag and taped to the inside lid of the 
cooler. Fiber tape will be wrapped completely around the cooler. On each side of the 
cooler, a This Side Up arrow label will be attached; a Handle with Care label will be 
attached to the top of the cooler, and the cooler will be sealed with a custody seal in two 
locations. 

The temperature inside the cooler(s) containing the sediment samples and ex situ 
samplers will be checked by the laboratory upon receipt of the samples. The laboratory 
will specifically note any coolers that do not contain ice packs, or that are not 
sufficiently cold44 (≤ 4 ± 2°C(≤ 6°C) upon receipt. All samples will be handled so as to 
prevent contamination or sample loss. Any remaining sediment samples will be 
disposed of upon receipt of written notification by the Windward PM. Holding times 
will vary by analysis and are summarized in Section 4.4.2. Passive samplers will be held 
until the laboratory is notified by the Windward PM. 

4.3.4 Decontamination procedures 
Sampling requires strict measures to prevent contamination. Sources of extraneous 
contamination can include sampling gear, grease from ship winches or cables, spilled 

                                                 
44 As stated in validation guidance documents, sample  shipping coolers should arrive at the laboratory 

with an internal temperature within the advisory range of 4 ± 2°C; however, due to the short transit 
distance and time from the site to ARI, all samples may not have reached this temperature by the time 
they arrive at the laboratory. 
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engine fuel (gasoline or diesel), engine exhaust, dust, ice chests, and ice used for 
cooling. All potential sources of contamination in the field will be identified by the FC, 
and appropriate steps will be taken to minimize or eliminate contamination. For 
example, during retrieval of sampling gear, the boat will be positioned, when feasible, 
so that engine exhaust does not fall on the deck. Ice chests will be scrubbed clean with 
Alconox® detergent and rinsed with distilled water after use to prevent potential cross 
contamination. To avoid contamination from melting ice, the wet ice will be placed in 
separate plastic bags. 

All sediment sampling and homogenizing equipment, including the mixing bowl and 
stainless steel implements, will be decontaminated between sampling locations per 
PSEP guidelines (1997) and the following procedures: 

1. Rinse with site water and wash with a scrub brush until free of sediment. 

2. Wash with phosphate-free detergent. 

3. Rinse with site water. 

4. Rinse with distilled water. 

Acid or solvent washes will not be used in the field because of safety considerations and 
problems associated with rinsate disposal and sample integrity, specifically: 

u Use of acids or organic solvents may pose a safety hazard to the field crew. 

u Disposal and spillage of acids and solvents during field activities pose an 
environmental concern. 

u Residues of solvents and acids on sampling equipment may affect sample 
integrity for chemical testing. 

Any sampling equipment that cannot be cleaned to the satisfaction of the FC will not be 
used for further sampling activities. 

4.3.5 Field-generated waste disposal 
Excess sediment, generated equipment rinsates, and decontamination water45 will be 
returned to each sampling location after sampling has been completed for that location. 
All disposable sampling materials and personal protective equipment (PPE) used in 
sample processing, such as disposable coveralls, gloves, and paper towels, will be 
placed in heavyweight garbage bags or other appropriate containers. Disposable 
supplies will be removed from the site by sampling personnel and placed in a normal 
refuse container for disposal as solid waste. 

                                                 
45 Because decontamination water is an Alconox®/water solution (that is phosphate-free), it can be 

returned to the sampling location for disposal.  
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4.4 LABORATORY METHODS 
ARI, ALS, and Axys will meet the sample handling requirements and follow the 
procedures described in this section. In addition, analytical methods and data quality 
indicator (DQI) criteria are provided herein. 

4.4.1 Laboratory sample handling 
Samples will be stored initially at ARI at ≤ 4 ± 2°C. Sediment compositing will be 
conducted in the laboratory for both the surface sediment composite samples and the 
intertidal sediment samples. 

ARI, ALS, and Axys will preserve and store samples as described in Section 4.4.2. Once 
prepared, samples for Axys will be packed in coolers on ice and delivered via courier 
service, and samples for ALS will be shipped in coolers on ice. Archive samples will be 
stored, frozen, at ARI. 

4.4.1.1 Surface sediment (0–10-cm) compositing 
Surface sediment samples will be composited in the laboratory (Figure 4-4). For those 
samples collected for DQOs 1 and 2, the contents of the seven 8-oz. jars for the 
composite will be combined in a stainless steel bowl or cauldron and stirred with a 
clean stainless steel spoon or spatula until texture and color homogeneity have been 
achieved (PSEP 1997). Homogenized sediment will then be split into the appropriate 
sample containers as described in Appendix C, Table C-4. Excess sediment will be 
disposed of at the laboratory. 
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Figure 4-4. Compositing approach for 0–10-cm surface sediment samples  

4.4.1.2 Intertidal sediment (0-45-cm) compositing 
Intertidal 0-45-cm sediment composites will be created in the laboratory. The Three 
potential clamming area composite samples (DQOs 76 and 87) will be created as 
illustrated in Figure 4-5.by combining. Specifically, all of the a sediment samples from 
the 71 locationssediment samples will be combined in stainless steel cauldrons (Figure 
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4-5). This step will be repeated for all of the b sediment samples, and then for all of the c 
sediment samples.  

Then, each combinedThe samples will be homogenized using a motorized paddle 
mixer. Following homogenization, the homogenized sediment will be distributed in 
shallow, rectangular, stainless steel containers. The homogenized sediment will then be 
subsampled to create the final composite sample. A stainless steel, spoon square-edged 
spatula will be used to subsample the homogenized sediment to collect a minimum of 
273 213 spoonfulssubsamples following the sediment subsampling SOP provided in 
Appendix D.. The potential clamming area composites will be made up of 71 individual 
samples, and each sample will require three subsamples, resulting in a minimum of 273 
spoonfuls of sediment from the homogenate to create the final composite sample. 
Following the subsampling, the sediment will be thoroughly re-homogenized and 
placed in pre-cleaned, labeled, wide-mouth jars and capped with Teflon™-lined lids 
(Appendix C, Table C-5). 
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Figure 4-5. Compositing approach for 0–45-cm potential clamming area samples  
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The beach play area composites (DQOs 98 and 109) will be created using sediment 
samples from each beach play area (the number of sediment samples will range from 
three to nine per beach play area, depending on beach size) (Figure 4-6). Three samples 
will be collected in the vicinity of each target location and designated a, b, or c samples. 
The composites will be created for each beach play area by combining all the a samples 
into one composite, all the b samples into one composite, and all the c samples into one 
composite.  

 

 
Figure 4-6. Compositing approach for beach play sediment samples 
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Homogenized sediment will then be split into the appropriate sample containers, as 
described in Appendix C, Table C-5. All sediment sample containers will be filled 
leaving a minimum of 1 cm of headspace to prevent breakage during shipping and 
storage. Excess sediment will be disposed of at the laboratory. 

4.4.1.3 Bank sample compositing 
Bank samples will be composited in the laboratory. The contents of the three 16 oz. jars 
for the bank composite will be combined in a stainless steel bowl or cauldron and 
stirred with a clean stainless steel spoon or spatula until texture and color homogeneity 
have been achieved (PSEP 1997). The homogenized sample will then be split into the 
appropriate sample containers as described in Appendix C, Table C 7. Excess sediment 
will be disposed of at the laboratory. 

4.4.2 Analytical methods 
Chemical analysis of the surface sediment samples will be conducted at three different 
laboratories (ARI, ALS, and Axys) (Table 4-134). Analytical methods and laboratory 
sample handling requirements for all measurement parameters are presented in 
Table 4-145. The analytes for the 0-10-cm and 0-45-cm surface sediment composite 
samples are provided in Table 4-156.  The analytes for each of the 2306 individual 
surface sediment samples are provided in Table 4-167. The analytes for the near-outfall 
sediment samples and the bank samples are provided in Table 4-178.  
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4.5.1 Passive sampler preparation 
Passive samplers will be prepared for exposure to the 16 sediment samples collected 
as discussed in Section 4.2.2.4. Ayxs will prepare the passive samplers and the 
exposures will be conducted at ARI. 

Using methods based on those outlined by Gschwend et al. (2012), Axys will prepare 
the passive samplers by cleaning a known mass of 25-µm-thick PE sheeting using 
sequential extractions with solvent (e.g., dichloromethane [DCM], methanol) 
(Appendix D).  

The cleaned PE sheeting will be loaded with PRCs to allow non-equilibrium 
conditions between the PE and the sediment porewater to be quantified. The degree of 
equilibrium reached by the PRCs during the exposure will be used to infer the degree 
of equilibrium reached by the target PCB analytes. This information will be used to 
correct for non-equilibrium conditions as described in Section 4.5.4. The 
carbon-13-labelled PCBs to be used for PRCs will include 13C-PCB8, 13C-PCB28, 
13C-PCB95, 13C-PCB111, 13C-PCB153 and 13C-PCB178. These compounds represent a 
range of homologs from dichlorobiphenyl (PCB8) to heptachlorobiphenyl (PCB178). 
The PRCs will be loaded by equilibrating the clean PE sheets with a methanol/water 
PRC solution in a glass container for at least seven days. Prior to delivery to ARI, the 
impregnated PE sheets will be submerged in ultra-clean water for three days to 
remove the methanol.  

To accurately determine initial pre-exposure PRC concentrations, three 0.1-g PE strips 
will be cut from the PE sheets after the PRC loading is complete, wrapped in 
aluminum foil, and stored, frozen, at Axys. These day-zero PE strips will be analyzed 
along with the PE strips retrieved from the porewater exposure batch tests 
(Section 4.7.2.2). Pre- and post-exposure PRC concentrations will be used either to 
confirm that equilibrium has been reached for all PCB congeners, or to allow for the 
correction of non-equilibrium conditions between the PE and the sediment porewater. 

The remaining clean PRC-impregnated PE sheets will be wrapped in aluminum foil 
and placed in a resealable plastic bag at < 4 ± 2°C for shipment to ARI for use in the 
porewater exposures. Upon delivery, ARI will store the PE sheets in the refrigerator 
until the exposures are started. 

4.5.2 Porewater exposure batch tests 
Exposures will be conducted in accordance with design guidelines laid out by EPA et 
al. (2017), as detailed in Appendix D. The range of targeted PCB concentrations and 
TOC concentrations has been used to determine the appropriate PE sampler mass. The 
sampler mass must be sufficient to accumulate detectable PCB concentrations, but 
must not be so large as to deplete the sediment PCB concentration (i.e., less than 1% of 
the mass of PCBs in sediment). In the event any exposure exceeds the 1% by mass 
target, corrections for depletion will be made assuming a linear relationship for 
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4.5.4 Calculation of freely dissolved PCB congener concentrations from PE 
concentrations 

Following PCB congener analysis of the PE strips by Axys, PCB congener 
concentrations in the PE strips will be used to calculate the concentrations of freely 
dissolved PCB congeners in the sediment porewater, as summarized in Figure 4-7. 

 
Figure 4-7. Calculation method for freely dissolved PCB congeners in porewater 

from passive sampler  

The first step to converting the measured PE concentrations to equilibrium PE 
concentrations is based on the PRC concentrations in the samplers. PRC 
concentrations remaining in the PE sampler after the ex situ exposures will be used to 
estimate the degree of equilibrium between the sampler and the sediment porewater.  

PRCs of varying hydrophobicities have been selected, because the rates of mass 
transfer in and out of the sampler will depend on the hydrophobic properties of each 
congener. Measured fractions of PRCs lost after deployment will be used to calculate a 
regression line between the model-estimated partitioning constant (KD) and the 
octanol-water partitioning constant (KOW) (Apell and Gschwend 2014). This KOW/KD 
fit will be used to calculate the fractional equilibration for each PCB congener using a 
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PRC correction calculator accessed via a graphical user interface, as described by EPA 
et al. (2017). 

Appendix D presents the physical and chemical properties that will be used to correct 
for non-equilibrium conditions. PRC calculator default values will be used for the 
properties of the PCB congeners. If more than 90% loss is observed for a PRC, then 
analytes with a KOW lower than or equal to this PRC will be assumed to be at 
equilibrium with porewater in that exposure (Gschwend et al. 2014). The equilibrium 
PE congener concentrations (CPE) calculated using PRC data ,as described above, and 
the default PE-to-water partition constants (KPEW) provided in Gschwend et al. (2014) 
(Appendix D), will then be used to calculate the freely dissolved PCB concentrations in 
porewater (CPW) using the following equation: 

CPW = CPE / KPEW   Equation 1  

4.6 ANALYTICAL DATA QUALITY OBJECTIVE AND CRITERIA 
The analytical DQO for surface sediment samples and passive samplers is to develop 
and implement procedures that will ensure the collection of representative data of 
known, acceptable, and defensible quality. Parameters used to assess data quality are 
precision, accuracy, representativeness, completeness, comparability, and sensitivity 
(PARCCS). These parameters are discussed below, and specific DQIs are presented in 
Section 4.6.6. 

4.6.1 Precision 
Precision is the measure of reproducibility among individual measurements of the 
same property, usually under similar conditions, such as multiple measurements of 
the same sample. Precision is assessed by performing multiple analyses on a sample; it 
is expressed as a RPD when duplicate analyses are performed, and as a %RSD when 
more than two analyses are performed on the same sample (e.g., triplicates). Precision 
is assessed by laboratory duplicate analyses (e.g., duplicate samples, MSDs, and LCS 
duplicates) for all parameters. Precision measurements can be affected by the nearness 
of a chemical concentration to the DL, whereby the percent error (expressed as either 
%RSD or RPD) increases. The DQI for precision varies depending on the analyte. The 
equations used to express precision are as follows: 
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D = sample concentration 
Dave = average sample concentration 
n = number of samples 
SD = standard deviation 

4.6.2 Accuracy 
Accuracy is an expression of the degree to which a measured or computed value 
represents the true value. Accuracy may be expressed as a percentage recovery for MS 
and LCS analyses. The DQI for accuracy varies depending on the analyte. The 
equation used to express accuracy for spiked samples is as follows: 

% Recovery = spike sample results - unspiked sample results
amount of spike added

× 𝟏𝟏𝟏𝟏𝟏𝟏 Equation 3 

4.6.3 Representativeness 
Representativeness is an expression of the degree to which data accurately and 
precisely represent an environmental condition. The sampling approach was designed 
to address the specific objectives described in Section 2.1. Assuming those objectives 
are met, the samples collected should be considered adequately representative of the 
environmental conditions they are intended to characterize. 

4.6.4 Comparability 
Comparability is an expression of the confidence with which one dataset can be 
evaluated in relation to another dataset. Therefore, the sample collection and chemical 
and physical testing will adhere to the most recent PSEP QA/QC procedures (PSEP 
1997) and EPA and Standard Methods (SM) analysis protocols. 

4.6.5 Completeness 
Completeness is a measure of the amount of data that is determined to be valid in 
proportion to the amount of data collected. The equation used to calculate 
completeness is as follows: 

Completeness = number of valid measurements
total number of data points planned

× 𝟏𝟏𝟏𝟏𝟏𝟏 Equation 4 

The DQI for completeness for all components of this project is 90%. Data that have 
been qualified as estimated because the QC criteria were not met will be considered 
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enable the evaluation of any potential contamination during laboratory procedures, 
and the assessment of the variability attributable to the laboratory method. 

4.7.2.1 Sample delivery group 
Project- and/or method-specific QC measures, such as MSs and MSDs or laboratory 
duplicates, will be used per sample delivery group (SDG) preparatory batch or per 
analytical batch, as specified in Table 4-234. A SDG is defined as no more than 
20 samples, or a group of samples received at the laboratory within a 2-week period. 
Although a SDG may span two weeks, all holding times specific to each analytical 
method will be met for each sample in the SDG.
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4.7.2.2 Laboratory quality control samples 
The analyst will review the results of QC analyses from each sample group immediately 
after a sample group has been analyzed. The QC sample results will then be evaluated 
to determine whether control limits have been exceeded.  

If control limits have been exceeded, then appropriate corrective action, such as 
recalibration followed by reprocessing of the affected samples, must be initiated before 
a subsequent group of samples is processed. The project QA/QC coordinator must be 
contacted immediately by the laboratory PM if satisfactory corrective action to achieve 
the DQIs outlined in this QAPP is not possible. All laboratory corrective action reports 
relevant to the analysis of project samples must be included in the data deliverable 
packages. 

All primary chemical standards and standard solutions used in this project will be 
traceable to the National Institute of Standards and Technology (NIST), Environmental 
Resource Associates, National Research Council of Canada, or other documented, 
reliable, commercial sources. Standards will be validated to determine their accuracy by 
comparing them to independent standards. Laboratory QC standards are verified in a 
multitude of ways: second-source calibration verifications (i.e., same standard, two 
different vendors) are analyzed to verify initial calibrations; new working standard 
mixes (e.g., calibrations, spikes, etc.) are verified against the results of the original 
solution and must be within 10% of the true value; newly purchased standards are 
verified against current data. Any impurities found in the standard will be documented.  

The following sections summarize the procedures that will be used to assess data 
quality throughout sample analysis. Table 4-234 summarizes the QC procedures to be 
performed by the laboratory, as well as the associated control limits for precision and 
accuracy. 

Method Blanks 

Method blanks are analyzed to assess possible laboratory contamination at all stages of 
sample preparation and analysis. A minimum of 1 method blank will be analyzed for 
each SDG or for every 20 samples, whichever is more frequent. 

Axys has reported increased concentrations of PCB 11 in its method blank samples for 
the past year. The laboratory is actively working to resolve this issue and is monitoring 
the situation closely. In order to ensure the accuracy of the data, blank correction will be 
employed for PCB 11 on all samples.48 The blank correction will be based on the mean 
PCB 11 concentrations in sediment laboratory method blanks for the three months 
preceding the analysis of the samples. 

                                                 
48 If the increased concentrations of PCB 11 are resolved, then the blank correction will not be required. 

EPA will be consulted before any changes are made. 
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Standard Reference Material 

SRMs are samples of similar matrices and known analyte concentrations, processed 
through the entire analytical procedure and used as an indicator of method accuracy. A 
minimum of 1 SRM will be analyzed for each SDG or for every 20 samples, whichever is 
more frequent. SRMs will be analyzed for PAHs, PCB Aroclors, PCB congeners, and 
dioxins/furans. An LCS sample can be used to assess accuracy if appropriate SRM is 
not available. An LCS will be analyzed for conventional and organic analyses. 

Laboratory Control Samples 

LCSs are prepared from a clean matrix using the same process as the project samples 
that are spiked with known amounts of the target compounds. The recoveries of the 
compounds are used as a measure of the accuracy of the test methods.  

Laboratory Replicate Samples 

Laboratory replicate samples provide information on the precision of the analysis, and 
are useful in assessing potential sample heterogeneity and matrix effects. Laboratory 
replicates are subsamples of the original sample that are prepared and analyzed as a 
separate sample, assuming sufficient sample matrix is available. A minimum of 
1 laboratory replicate sample will be analyzed for each SDG or for every 20 samples, 
whichever is more frequent, for metals, conventional parameters, dioxins/furans, and 
PCB congeners. For the passive samplers, one sediment sample will be identified for 
replicate analysis. Two passive sampler samples will be inserted into one sample jar 
and analyzed as replicates. 

Matrix Spikes and Matrix Spike Duplicates 

The analysis of MS samples provides information on the extraction efficiency of the 
method on the sample matrix. By performing MSD analyses, information on the 
precision of the method is also provided for organic analyses. For organic analyses, a 
minimum of 1 MS/MSD pair will be analyzed for each SDG or for every 20 samples, 
whichever is more frequent, when sufficient sample volume is available, with the 
exception of PCB congeners and dioxins/furans. For inorganic analyses (i.e., metals), a 
minimum of one MS sample will be analyzed for each SDG, when sufficient sample 
volume is available. 

Surrogate Spikes 

All project samples analyzed for organic compounds will be spiked with appropriate 
surrogate compounds, as defined in the analytical methods. Surrogate recoveries will be 
reported by ARI, ALS, and Axys; however, no sample results will be corrected for 
recovery using these values.  

Isotope Dilution Quantitation 

All project samples analyzed for PCB and dioxin/furan congeners will be spiked with a 
known amount of surrogate compounds, as defined in the analytical methods. The 
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labeled surrogate compounds will respond similarly to the effects of extraction, 
concentration, and gas chromatography. Data will be corrected for the recovery of the 
surrogates used for quantification.  

Internal Standard Spikes 

Internal standards may be used for calibrating and quantifying organic compounds and 
metals using MSs. If internal standards are required by the method, all calibration, QC, 
and project samples will be spiked with the same concentration of the selected internal 
standard(s). Internal standard recoveries and retention times must be within method 
and/or laboratory criteria. 

Performance Reference Compounds 

PRCs are used to determine the degree to which passive samplers have come to 
equilibrium during the period of deployment. The PE strips will be loaded with 
carbon-13-labelled PCBs prior to deployment. The carbon-13-labelled PCBs to be used 
for PRCs will include 13C-PCB8, 13C-PCB28, 13C-PCB95, 13C-PCB111, 13C-PCB153, and 
13C-PCB178. The change in PRC concentration during deployment will be used to help 
quantify the non-equilibrium conditions between porewater and the PE for various PCB 
congeners. 

PRC Day-zero Blank 

PE samples will be set aside and analyzed to confirm PRC concentrations. These 
samples will be stored, frozen, at the laboratory and analyzed with the passive sampler 
replicates to measure PRC concentrations. PRC concentrations in the day-zero blanks 
will be used to establish pre-exposure PRC concentrations, which will be necessary to 
determine the fraction of PRC lost from each sampler during the sediment exposures. 
The change in PRC concentration during the exposures will be used to quantify 
non-equilibrium conditions, as described in Section 4.5.4.  

Passive Sampler Exposure Blank 

PE samples exposure blanks will be shipped from Axys to ARI and exposed only to 
double-distilled water on a shaker table throughout the passive sampler exposure 
period. The samplers will then be shipped to Axys and analyzed in order to determine 
if there was any exposure to PCBs during shipping and exposure that was not 
associated with LDW sediment. 

4.8 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 
Prior to each field event, measures will be taken to test, inspect, and maintain all field 
equipment. All equipment used, including the differential global positioning system 
(DGPS) unit and digital camera, will be tested for accuracy before leaving for the field 
event. 
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The FC will be responsible for overseeing the testing, inspection, and maintenance of all 
field equipment. The laboratory PM will be responsible for ensuring laboratory 
equipment testing, inspection, and maintenance requirements are met. The methods 
used in calibrating the analytical instrumentation are described in Section 4.9. 

4.9 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 
Multipoint initial calibration will be performed on each analytical instrument at the 
start of the project, after each major interruption to the instrument, and when any 
continuing calibration does not meet the specified criteria. The number of points used in 
the initial calibration is defined in each analytical method. Continuing calibrations will 
be performed daily for organic analyses, every 10 samples for inorganic analyses, and 
with every sample batch for conventional parameters to ensure proper instrument 
performance. 

Gel permeation chromatography (GPC) calibration verifications will be performed at 
least once every seven days, and corresponding raw data will be submitted by the 
laboratory with the data package. In addition, florisil performance checks will be 
performed for every florisil lot, and the resulting raw data will be submitted with the 
data package.  

Calibration of analytical equipment used for chemical analyses includes the use of 
instrument blanks or continuing calibration blanks, which provide information on the 
stability of the baseline established. Continuing calibration blanks will be analyzed 
immediately after the continuing calibration verification, at a frequency of 1 blank for 
every 10 samples analyzed for inorganic analyses, and 1 blank every 12 hours for 
organic analyses. If the continuing calibration does not meet the specified criteria, the 
analysis must stop. Analysis may resume after corrective actions have been taken to 
meet the method specifications. All project samples analyzed by an instrument found to 
be out of compliance must be reanalyzed. 

A Trimble© SPS461 or similar GPS receiver unit will be employed for the various 
sampling methods outlined in this QAPP. The GPS receiver will be calibrated daily to 
ensure that it is accurately recording positions from known benchmarks and 
functioning within the individual unit’s factory specifications. 

4.10 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES 
The FC will gather and check field supplies daily for satisfactory conditions before each 
field event. Batteries used in the digital camera will be checked daily and recharged as 
necessary. Supplies and consumables for the field sampling effort will be inspected 
upon delivery and accepted if the condition of the supplies is satisfactory. 
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4.11 DATA MANAGEMENT  
All field data will be recorded on field forms, which the FC will check for missing 
information at the end of each field day and amend as necessary. A QC check will be 
done to ensure that all data have been transferred accurately from the field forms to the 
database. Field forms will be archived in the Windward library. 

ARI, ALS, and Axys are required to submit data in an electronic format, as described in 
Section 3.7.2. The laboratory PM will contact the project QA/QC coordinator prior to 
data delivery to discuss specific format requirements. 

A library of routines will be used to translate typical electronic output from laboratory 
analytical systems, and to generate data analysis reports. The use of automated routines 
will ensure that all data are consistently converted to the desired data structures, and 
that operator time is kept to a minimum. In addition, routines and methods for quality 
checks will be used to ensure such translations are correctly applied. 

Written documentation will be used to clarify how field and analytical laboratory 
duplicates and QA/QC samples were recorded in the data tables, and to provide 
explanations of other issues that may arise. The data management task will include 
keeping accurate records of field and laboratory QA/QC samples so that project team 
members who use the data will have appropriate documentation. All data management 
files will be secured on the Windward network. Data management procedures outlined 
in Appendix C of the Work Plan will be followed (Windward and Integral 2017b). 
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5 Assessment and Oversight 

5.1 COMPLIANCE ASSESSMENTS AND RESPONSE ACTIONS 
EPA or its designees may observe field activities during each sampling event, as 
needed. If situations arise wherein there is a significant inability to follow the QAPP 
methods precisely, the Windward PM will determine the appropriate actions and 
consult EPA (or its designee). 

5.1.1 Compliance assessments 
Laboratory and field performance assessments will consist of on-site reviews 
conducted by EPA of QA systems and equipment for sampling, calibration, and 
measurement. EPA personnel may conduct a laboratory audit prior to sample 
analysis. Any pertinent laboratory audit reports will be made available to the project 
QA/QC coordinator upon request. ARI, ALS, and Axys will be required to have 
written procedures addressing internal QA/QC. All laboratories and QA/QC 
coordinators will be required to ensure that all personnel engaged in sampling and 
analysis tasks have appropriate training. 

5.1.2 Response actions for field sampling 
The FC, or a designee, will be responsible for correcting equipment malfunctions 
throughout field sampling, and for resolving situations in the field that may result in 
nonconformance or noncompliance with this QAPP. All corrective measures will be 
immediately documented in the field logbook, and protocol modification forms will be 
completed. 

5.1.3 Corrective action for laboratory analyses 
ARI, ALS, and Axys will be required to comply with their current written SOPs, 
laboratory QA plan, and analytical methods. All laboratory personnel will be 
responsible for reporting problems that may compromise the quality of the data. The 
analysts will identify and correct any anomalies before continuing with sample 
analysis. The laboratory PMs will be responsible for ensuring that appropriate 
corrective actions are initiated as required for conformance with this QAPP.  

The project QA/QC coordinator will be notified immediately if any QC sample 
exceeds the DQIs outlined in this QAPP (Table 4-189) and the exceedance cannot be 
resolved through standard corrective action procedures. A description of the anomaly, 
the steps taken to identify and correct the anomaly, and the treatment of the relevant 
sample batch (i.e., recalculation, reanalysis, and re-extraction) will be submitted with 
the data package using the case narrative or corrective action form. 



 

 

 
DRAFT FINAL 

Surface Sediment QAPP 
January 12, 2018 

 112 
 

 

5.2 REPORTS TO MANAGEMENT 
The FC will prepare a summary email for submittal to LDWG and EPA following each 
sampling day. The project QA/QC coordinator will also prepare progress reports for 
submittal by email to LDWG and EPA on the following occasions: 1) after sampling 
has been completed and samples have been submitted for analysis, 2) when 
information is received from the laboratory, and 3) when analyses are complete. The 
statuses of the samples and analyses will be indicated, with emphasis on any 
deviations from this QAPP. For each sampling event (Sampling Event 1 and Sampling 
Event 2), a data report will be written after validated data are available, as described in 
Section 2.2. 
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6 Data Validation and Usability 

6.1 DATA VALIDATION 
The data validation process will begin in the laboratory with the review and 
evaluation of data by supervisory personnel or QA specialists. The laboratory analyst 
will be responsible for ensuring that the analytical data are correct and complete, that 
appropriate procedures have been followed, and that QC results are within acceptable 
limits. The project QA/QC coordinator will be responsible for ensuring that all 
analyses performed by ARI, ALS, and Axys are correct, properly documented, and 
complete, and that they satisfy the project DQOs DQIs specified in this QAPP. 

Data will not be considered final until validated. Data validation will be conducted 
following EPA guidance (EPA 2016a, b, 2014a; USEPA 2016).  

Independent third-party data review and summary validation of the analytical 
chemistry data will be conducted by EcoChem. or a suitable alternative. All data will 
undergo summary-level data validation and a minimum of 10% or one SDG will 
undergo full data validation. Full data validation parameters will include: 

u QC analysis frequencies 

u Analysis holding times 

u Laboratory blank contamination 

u Instrument calibration 

u Surrogate recoveries 

u LCS/SRM recoveries 

u MS recoveries 

u MS/MSD RPDs 

u Compound identifications—verification of raw data with the reported results 
(10% of analytes) 

u Compound quantitations—verification of calculations and RLs (10% of analytes) 

u Instrument performance check (tune) ion abundances 

u Internal standard areas and retention time shifts 

u Ion abundance ratio compared to theoretical ratios for samples analyzed by EPA 
methods 1613b and 1668c 

If no discrepancies are found between reported results and raw data in the dataset that 
undergoes full data validation, then a summary validation of the rest of the data can 
proceed using all of the QC forms submitted in the laboratory data package. QA 
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review of the sediment and passive sampler chemistry data will be performed in 
accordance with the QA requirements of the project, the technical specifications of the 
analytical methods indicated in Tables 4-189 through 4-212, and EPA guidance for 
organic and inorganic data review (EPA 2016a, b). The EPA PM may have EPA peer 
review the third-party validation or perform data assessment/validation on a 
percentage of the data. 

All discrepancies and requests for additional, corrected data will be discussed with 
ARI, ALS, and Axys prior to issuance of the formal data validation report. The project 
QA/QC coordinator should be informed of all contacts with ARI, ALS, and Axys 
during data validation. PReview procedures used and findings made during data 
validation will be documented on worksheets. The data validator will prepare a data 
validation report that will summarize QC results, qualifiers, and possible data 
limitations. This data validation report will be appended to the data report. Only 
validated data with appropriate qualifiers will be released for general use. 

6.2 RECONCILIATION WITH DATA QUALITY OBJECTIVESINDICATORS 
Data QA will be conducted by the project QA/QC coordinator in accordance with 
EPA guidelines (EPA 2016a, b). The results of the third-party independent review and 
validation will be reviewed, and cases wherein the project DQIOs were not met will be 
identified. The usability of the data will be determined in terms of the magnitude of 
the DQIO exceedance. 
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